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ABSTRACT 
PART I
THE ANALYTICAL APPLICATIONS OF 
2 , 2 '  - PYRIDILMONOXIME
The r e a c t io n s  o f  m eta ls  w ith  2 , 2 '  -  p yrid ilm on ox im e have been  
s tu d ie d  and th e  r e a g e n t  has been a p p lie d  to  th e  sp e c tr o p h o to m e tr ic  
d e te r m in a tio n  o f  p a lla d iu m  and c o b a l t .  For p a lla d iu m  and c o b a l t ,  
th e  e f f e c t s  due to  pH, t im e , s o l v e n t s ,  r e a g en t c o n c e n tr a t io n  and 
d iv e r s e  io n s  have been  s t u d ie d .  The p a lla d iu m  and c o b a lt  c h e la t e s  
have been  i s o la t e d  and c h a r a c te r iz e d . Based upon s p e c t r a l  e v id e n c e ,  
th e  2,2*  -  p y r i d i l m o n o x i m e ,  m.p.  193-194°C,  has been a s s ig n e d  th e  a 
c o n f ig u r a t io n .
PART I I
THE ANALYTICAL APPLICATIONS OF 
2 , 2 '  -  DIQUINOLYL KETOXIME
The r e a g en t 2 , 2 '  -  d iq u in o ly l  k e to x i m e  has been  s y n th e s iz e d  
and i t s  r e a c t io n s  w ith  m e t a l s  have been s tu d ie d .  I t  forms c o l o u r e d  
w a t e r - in s o lu b le  com plexes  w ith  c o b a l t ,  p a lla d iu m , c o p p e r , g o l d  and 
n i c k e l .  The c o b a lt  and p a lla d iu m  com plexes p o s s e s s e d  s u i t a b le
a n a l y t i c a l  p r o p e r t ie s  and p roced u res w ere d e v e lo p e d  f o r  t h e  d e t e r m i n a ­
t i o n  o f  c o b a lt  and p a lla d iu m .
1 1
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GENERAL INTRODUCTION
Of th e  v a r io u s  methods o f  t r a c e  a n a ly s is ,s p e c tr o p h o to m e tr ic  
m ethods  are  th e  m ost w i d e l y  u s e d .  The p o p u la r ity  o f  sp ectro p h o to m etry  
i n  th e  d e te r m in a tio n  o f  t r a c e  and m inor c o n s t i t u e n t s  a r i s e s  f rom i t s  
m odest a p p a r a tiv e  r e q u ir e m e n ts , th e  p o s s i b i l i t y  o f  i t s  u se  by th e  
a v e r a g e  a n a ly s t ,  a s e n s i t i v i t y  adequate f o r  many p u r p o se s , and an 
accu racy  o f t e n  as good a s , i f  n o t  b e t t e r  t h a n  any o t h e r  method i n  i t s  
r a n g e .
S p ec tro p h o to m etr ic  m ethods in v o lv e  th e  m easurem ent o f  t h e  
i n t e n s i t y  o f  th e  c o l o u r  o f  th e  c o n s t i t u e n t  to  be d eterm in ed . S u b s t a n c e s  
w hich a r e  c o l o u r l e s s  o r  o n l y  f a i n t l y  c o l o u r e d  may be a n a l y z e d  by a d d in g  
a s u b s t a n c e  which  w i l l  r e a c t  w ith  them t o  fo rm an i n t e n s e l y  c o l o u r e d  
compound.
R e a g e n t s  u se d  f o r  th e  sp e c tr o p h o to m e tr ic  d e te r m in a tio n  o f  m e t a l l i c  
elem en ts may be  e i t h e r  i n o r g a n i c  o r  o r g a n i c .  O r g a n ic  d e ter m in a tio n  
forms a r e  su p e r io r  to  t h e  i n o r g a n i c  b eca u se  o f  b e t t e r  s e n s i t i v i t y  or 
s e l e c t i v i t y  o r  b o th . The fo rm a tio n  o f  a g r e a t e r  v a r ie t y  o f  m e t a l  
com plexes (n o ta b ly  c h e la t e  compounds) by o r g a n ic  r e a g e n t s ,  th e  g r e a te r  
c h o i c e  o f  ch rom ogenic  g roups  i n  o r g a n i c  compounds, and t h e  p o s s i b i l i t y  
o f  s u i t a b ly  m o d i f y in g  o r g a n ic  m o l e c u l e s , a l l  c o n tr ib u te  t o  t h e  more 
v e r s a t i l e  c h a r a c te r  o f  o r g a n i c  r e a g e n t s  as  compared t o  th e  i n o r g a n i c .
Oximes o f  many h e t e r o c y c l i c  o r g a n i c  compounds h a v e  b e e n  w i d e l y  
used  as sp e c tr o p h o to m e tr ic  r e a g e n t s .  P y r i d i n e  oxim es have be e n  e s p e c i a l ly  
u s e f u l  b e c a u s e  o f  t h e  s t r o n g  c o o r d in a tin g  a b i l i t y  o f  th e  n i t r o g e n  donor  
a tom.
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The purpose o f  d%e p r e se n t  work was to  in v e s t i g a t e  d ie  o r g a n ic
r e a g e n t s  5 2 , 2 ’ - p y r id i lm o n o x im e  ( I )  and 2 , 2 '  - d i q u i n o l y l  k e to x i m e  ( I I )  
w ith  a v iew  o f  a p p l y i n g  them to  th e  d e t e r m i n a t i o n  o f  t r a c e  amounts  o f  
m e t a l s .
HO
C
( I ) ( I I )
S p e c t r o p h o t o m e t r i c  m ethods  h a v e  b e e n  d e v e lo p e d  f o r  p a l l a d i u m  and 
c o b a l t  u t i l i z i n g  2 , 2 ’ - p y r id i lm o n o x im e  and 2 , 2 ’ - d i q u i n o l y l  k e t o x i m e .
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THEORY
I f  a  beam o f  w h i t e  l i g h t  i s  a l l o w e d  t o  p a s s  t h r o u g h  a  g l a s s  
c u v e t t e  f i l l e d  w i t h  l i q u i d ,  t h e  e m e rg en t  r a d i a t i o n  w i l l  be  l e s s  p o w e r f u l  
than th a t  e n t e r in g .  The d im in u a tio n  in  power may be a p p ro x im a te ly  equal 
over  th e  w h ole  w avelen g th  r a n g e , or i t  may be o f  d i f f e r e n t  e x te n t  fo r
d i f f e r e n t  c o l o u r s .  The l o s s  i s  due in  p a r t  t o  r e f l e c t i o n s  a t  t h e  
s u r f a c e s  and in  p a r t to  s c a t t e r i n g  by any s u s p e n d e d  p a r t i c l e s  p r e s e n t ,  
b u t  p r i m a r i l y  by t h e  a b s o r p t i o n  o f  r a d i a n t  e n e r g y  by t h e  l i q u i d .  To 
t h e  a n a l y t i c a l  c h e m i s t ,  t h e  i m p o r t a n c e  o f  c o lo u red  s o l u t i o n s  l i e s  i n  
t h e  f a c t  th a t  t h e  r a d ia t io n  w hich i s  a b s o r b e d  i s  c h a r a c t e r i s t i c  o f  t h e  
m a te r ia l  d o in g  t h e  a b s o r b i n g  and t h e  d e g r e e  o f  t h e  a b s o r p t i o n  may be 
u s e d  as  a m e a s u r e  o f  t h e  c o n c e n t r a t i o n .
The re  a r e  two fundam ental law s r e l a t e d  t o  th e  a b s o r p t i o n  o f  mono­
c h r o m a t i c  r a d i a n t  e n e rg y  by hom ogeneous ,  t r a n s p a r e n t  s y s t e m s .  L a m b e r t ' s  
Law ( B o u g u e r ' s  Law) s t a t e s  th a t  when a beam o f  p a r a l l e l  m onochrom at ic  
r a d ia t io n  e n t e r s  an a b s o r b i n g  medium a t  r i g h t  a n g le s  to  p la n e , p a r a l l e l  
s u r f a c e s  o f  t h e  medium, each  i n f i n i t i s r n a l l y  s m a l l  la y e r  o f  t h e  medium 
d e c r e a s e s  t h e  i n t e n s i t y  o f  t h e  beam e n te r in g  t h a t  l a y e r  by a c o n s t a n t  
f r a c t i o n .  B e e r ’ s Law s t a t e s  th a t  t h e  i n t e n s i t y  o f  a beam o f  p a r a l l e l ,  
m onoch rom at ic  r a d i a t i o n  d e c r e a s e s  e x p o n e n t i a l l y  as t h e  c o n c e n t r a t i o n  o f  
t h e  a b s o r b i n g  m a te r ia l  in c r e a s e s .  The two law s combined can  be e x p r e s s e d  
m a th e m a tic a lly  by t h e  f o l l o w i n g  r e l a t i o n s h i p :
l o g  To = a b c
I
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w here  lo  == i n t e n s i t y  o f  t h e  i n c i d e n t  l i g h t  beam; I  = i n t e n s i t y  o f  t h e  
t r a n s m i t t e d  l i g h t  beam; A = ab sorb an ce; a = a b s o r p t i v i t y ;  b = l i g h t  
p a t h  l e n g t h ;  c = c o n c e n t r a t i o n  o f  t h e  c o l o u r e d  s p e c i e s .  I f  t h e  c o n cen ­
t r a t io n  i s  e x p r e s s e d  in  m oles p e r  l i t r e  and t h e  l i g h t  path  in  c e n t i m e t r e s ,  
a becomes th e  m olar e x t in c t io n  c o e f f i c i e n t  or m olar a b s o r p t iv i t y  and i s  
commonly d e s i g n a t e d  by e .
T h e re  a r e  no known e x c e p t i o n s  t o  t h e  Lambert Law so t h a t  n o n ­
c o n f o r m i t y  o f  an a b s o r b i n g  sy stem  to  t h e  Beer  - Lamber t  Law i s  tak en  as
a f a i l u r e  o f  t h e  Beer  Law t o  a d e q u a t e l y  e x p r e s s  th e  b e h a v i o u r  o f  t h e
s y s t e m .  T h re e  k i n d s  o f  e f f e c t s  can  be d i s t i n g u i s h e d  w hich may c a u s e  
d e v i a t i o n s ;  ch em ica l a n d / o r  p h y s i c a l  ( n o n - i n s t r u m e n t a l )  e f f e c t s ,  
i n s t r u m e n t a l  e f f e c t s  and a c o m b i n a t i o n  o f  ch em ica l and i n s t r u m e n t a l  
e f f e c t s .  Many w o r k e r s  h a v e  s tu d ie d  t h e s e  e f f e c t s ,  t h e  most  r e c e n t  b e i n g  
B u i j s  and M aurice ( 1 ) .
When t h e  absorbance o f  a  su b sta n c e  i s  p lo t t e d  a g a i n s t  w a v e l e n g t h  
an a b s o r p t i o n  s p e c t r u m  i s  o b t a i n e d .  Many c o l o u r e d  s p e c ie s  have u n i q u e  
a b s o r p t i o n  s p e c t r a  i n  t h e  v i s i b l e  r e g i o n  and in  many c a s e s  one  o r  more
maxima may b e  p r e s e n t  in  th e  a b s o r p t i o n  c u r v e s .  For  s p e c t r o p h o t o m e t r i c
m ea s u rem e n ts  i t  i s  a d v i s a b l e  t o  s e l e c t  a  band  o f  r a d i a t i o n  w h ic h  forms 
a p a r t  o f  an a b s o r p t i o n  p l a t e a u ,  s i n c e  th e  e f f e c t  o f  t h e  t e m p e r a t u r e  o f  
t h e  s o l u t i o n  and t h e  i n f l u e n c e  o f  s l i g h t  v a r ia t io n s  i n  t h e  w a v e l e n g t h  
a r e  t h e n  r e d u c e d  t o  a minimum. M o re o v e r ,  under t h e s e  c o n d it io n s  B e e r ' s  
Law and t h e  a d d i t i v i t y  o f  a b s o r b a n c e s  a r e  m ost l i k e l y  t o  r e m a in  v a l i d .
In  s p e c t r o p h o t o m e t r i c  t r a c e  a n a l y s i s ,  a knowledge  o f  t h e  s e n s i t i v i t y  
o f  t h e  c o lo u r  r e a c t i o n  employed i s  o f  paramount i m p o r t a n c e ,  and i t  i s
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n e c e ss a r y  to  have a s im p le  method a v a i la b le  fo r  th e  e x p r e s s io n  o f  th e
sensitivity. For comparative purposes the molar absorptivity at the 
w a v elen g th  o f  maximum a b so r p tio n  i s  u sed  as a m easure o f  s e n s i t i v i t y .
For  a p a r t i c u l a r  m e t a l  i o n ,  th e  g r e a t e r  t h e  m o la r  a b s o r p t i v i t y ,  t h e  
more s e n s i t i v e  i s  th e  m ethod. The S a n d e l l  s e n s i t i v i t y  (2) i s  d e fin e d  
as  t h e  number o f  m icrogram s o f  e l e m e n t ,  c o n v e r t e d  to  t h e  c o l o u r e d
2
p r o d u c t ,  which  i n  a column o f  s o l u t i o n  h av in g  a c r o s s  s e c t i o n  o f  1 cm 
shows an a b s o r b a n c e  o f  0 . 0 0 1 .  Both  t h e  m olar a b s o r p t iv i ty  and t h e  
S a n d e l l  s e n s i t i v i t y  a r e  u s u a l l y  q u o te d  when d e s c r i b i n g  t h e  s e n s i t i v i t y  
o f  a p a r t i c u l a r  s p e c t r o p h o t o m e t r i c  m ethod.
I f  a b s o r p t a n c y  (100 - p e r c e n t  t r a n s m i t t a n c e )  i s  p l o t t e d  a g a in s t  
th e  l o g a r i t h m  o f  th e  c o n c e n t r a t i o n  a  Ringbom p l o t  i s  o b t a i n e d  ( 3 , 4 ) .
I f  a s u f f i c i e n t  r a n g e  o f  c o n c e n t r a t i o n s  has been c o v e r e d , an S - shaped  
c u r v e  alw ays r e s u l t s .  I f  t h e  system  fo llo w s  B e e r 's  Law, th e  p o i n t  o f  
i n f l e c t i o n  o c c u r s  a t  37 p e r c e n t  t r a n s m i t t a n c e ;  i f  n o t ,  t h e  i n f l e c t i o n  i s  
a t  some o t h e r  v a l u e  b u t  the g e n e r a l form o f  t h e  c u r v e  i s  t h e  sam e . The 
c u r v e  g e n e r a l l y  has  a c o n s i d e r a b l e  r e g io n  w hich i s  n e a r l y  s t r a i g h t .  The 
e x t e n t  o f  t h e  s t r a ig h t  l i n e  p o r t io n  i n d i c a t e s  d i r e c t l y  t h e  optimum r a n g e  
o f  c o n c e n t r a t i o n s  f o r  th e  p a r t i c u l a r  s p e c t r o p h o t o m e t r i c  a n a l y s i s .
Many sp e c tr o p h o to m e tr ic  m ethods fo r  m eta ls  depend upon t h e  f o r m a t i o n  
o f  c o l o u r e d  com plex i o n s  o r  m o l e c u l e s . I t  i s  f r e q u e n t l y  im portant t o  
know t h e  m o la r  r a t io  o f  m eta l t o  r e a g e n t  i n  th e  com p lex . This i s  n o r m a l l y  
determined from spectrophotometric data by two different procedures: 
t h e  mole  -  r a t i o  method i n t r o d u c e d  by Yoe and Jo n e s  (5)  and t h e  method 
o f  co n tin u o u s v a r i a t i o n s  a t t r i b u t a b l e  t o  Job  (6)  and m o d i f i e d  by Vosburgh 
and Cooper ( 7 ) .
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In  th e  m ole -  r a t i o  m ethod, th e  ab sorb an ces a re  m easured fo r  a
s e r i e s  o f  s o l u t i o n s  which, c o n t a i n  v a r y i n g  amounts o f  one  c o n s t i t u e n t  
w i t h  a c o n s t a n t  amount  o f  t h e  o t h e r .  A p l o t  i s  p r e p a r e d  o f  a b s o r b a n c e  
as  a fu n c t io n  o f  t h e  moles  o f  r e a g e n t  t o  m oles o f  m e t a l  io n .  T h is  i s  
e x p e c t e d  t o  g i v e  a s t r a i g h t  l i n e  f rom th e  o r i g i n  t o  t h e  p o in t  where  
e q u iv a le n t  amounts o f  th e  c o n s t i t u e n t s  are  p r e s e n t .  The cu rve  w i l l  
t h e n  become h o r i z o n t a l ,  b e c a u s e  a l l  o f  one c o n s t i t u e n t  i s  u s e d  up and 
t h e  a d d i t i o n  o f  more o f  t h e  o t h e r  c o n s t i t u e n t  can p r o d u c e  no more o f  
t h e  a b s o r b i n g  complex .
The method  o f  c o n t i n u o u s  v a r i a t i o n s  r e q u i r e s  a s e r i e s  o f  s o l u t i o n s  
o f  v a r y i n g  mole  f r a c t i o n s  o f  t h e  two c o n s t i t u e n t s  w h ile  t h e i r  sum i s  
k e p t  c o n s ta n t .  The absorbance i s  p lo t t e d  a g a i n s t  t h e  mole  f r a c t i o n  o f  
one  o f  t h e  c o n s t i t u e n t s .  The r e s u l t i n g  c u r v e  w i l l  show a  maximum 
co rresp o n d in g  to  t h a t  i n  th e  com p lex .
O r g a n ic  r e a g e n t s  u s e d  i n  ch em ica l a n a l y s i s  may be  d e f i n e d  as  
t h o s e  c a r b o n  - c o n t a i n i n g  su b sta n c e s  w hich by some fo rm o f  i n t e r a c t i o n  
e n a b l e  o t h e r  io n s  or m o l e c u l e s  t o  be  d e t e c t e d  o r  d e t e r m i n e d  ( 8 ) .  An 
i m p o r t a n t  c l a s s  o f  o r g a n i c  r e a g e n t s  a r e  t h o s e  w hich form c h e l a t e s  w i t h  
m e t a l  i o n s .
M e ta l  c h e l a t e s  a r e  a t y p e  o f  c o o r d i n a t i o n  compound i n  w h ic h  a 
m e t a l  i o n  combines w i t h  a  p o ly fu n c t io n a l  b ase  c a p a b l e  o f  o c c u p y in g  two 
o r  more p o s i t io n s  o f  t h e  c o o r d i n a t i o n  s p h e r e  o f  t h e  m e t a l  i o n  t o  fo rm 
a c y c l i c  compound. The f u n c t i o n a l  g r o u p s  o f  t h e  c h e l a t i n g  a g e n t  must  
be so s i t u a t e d  t h a t  t h e y  p e r m i t  t h e  f o r m a t i o n  o f  a s t a b l e  r i n g  ( u s u a l l y  
5 o r  6 m em b e re d ) .
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C h e la t in g  a g en ts  may he c l a s s i f i e d  a cco rd in g  to  th e  ch arge  ty p e
o f  t h e  b a s i c  g ro u p s  p r e s e n t .  I f  t h e  b a s i c  g ro u p s  o f  t h e  r e a g e n t  a r e  
u n c h a r g e d ,p o s it iv e ly  c h a r g e d  m e t a l  c h e l a t e s  a r e  fo rm ed .  I f  t h e  r e a g e n t  
has b o t h  an a c i d i c  and b a s i c  g r o u p ,  n e u t r a l  c h e l a t e s  u s u a l l y  r e s u l t .
The p r e s e n c e  o f  m u l t i p l e  n e g a t iv e  c h a r g e  on c h e la t in g  a g en ts  r e s u l t s  i n  
n e g a t iv e ly  charged c h e la t e s .  The r e a g e n ts  2 , 2 '  - pyrid ilm on ox im e and 
2 , 2 '  - d i q u i n o l y l  k e to x im e  c o n ta in  b o t h  an a c i d i c  group and a b a s i c  
g roup  and h ence formed n e u tr a l c h e l a t e s  w i t h  p a lla d iu m  and c o b a l t .
A m ost  i m p o r t a n t  p ro p er ty  o f  many m e t a l  - o r g a n i c  complexes  from 
t h e  s ta n d p o in t  o f  t r a c e  a n a ly s is  i s  t h e ir  e x t r a c t a b i l i t y  by o r g a n i c  
s o l v e n t s  n o t  m i s c i b l e  w i t h  w a t e r . S o l v e n t  e x tr a c t io n  p e r m i t s  t h e  
d e t e r m i n a t i o n  o f  w a t e r  I n s o l u b l e  c o l o u r e d  s p e c ie s  and i n  many c a ses  
im proves b o t h  th e  s e l e c t i v i t y  and s e n s i t i v i t y .  The s y s te m s  p r e s e n t e d  
i n  t h i s  d i s s e r t a t i o n  i n v o l v e d  th e  e x tr a c t io n  o f  t h e  m e t a l  c h e l a t e s  i n t o  
o r g a n i c  s o l v e n t s . The th eo ry  and a p p l i c a t i o n s  o f  s o l v e n t  e x tr a c t io n  i n  
t r a c e  m e t a l  a n a ly s is  h a v e  been  d i s c u s s e d  by s e v e r a l  a u t h o r s  ( 9 - 1 1 ) .
The r e l i a b i l i t y  o f  an a n a ly t i c a l  method i s  n o r m a l l y  e x p r e s s e d  i n  
t e rm s  o f  p r e c is io n  and a ccu r a cy . The accu racy  o f  a d e t e r m i n a t i o n  may be 
d e f i n e d  as t h e  c o n c o rd a n c e  b e tw e en  i t  and t h e  t r u e  o r  m os t  p r o b a b l e  
v a l u e .  P r e c is io n  may be d e fin e d  as th e  c o n c o r d a n c e  o f  a s e r i e s  o f  
m easu rem en ts  o f  t h e  same q u a n t i t y .  A ccuracy  e x p r e s s e s  t h e  c o r r e c t n e s s  
o f  a m easu rem en t  and p r e c is io n  th e  r e p r o d u c i b i l i t y  o f  a m e a s u re m e n t .  
Precision always accompanies accuracy, b u t  a high d e g r e e  of p r e c i s i o n  
does  n o t  im ply accu ra cy .
To o b t a i n  a q u a n t i t a t i v e  m e a s u r e  o f  p r e c is io n  c o r r e s p o n d i n g  t o  a
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g i v e n  method  and a s e t  o f  c o n d i t i o n s ,  s e v e r a l  p a r a m e t e r s  can  be  u s e d ,  
e . g . ,  t h e  r a n g e  o f  th e  r e s u l t s ,  th e  mean d e v i a t i o n  from t h e  mean ,  th e  
s t a n d a r d  d e v i a t i o n .  The aim i s  t o  d e t e r m i n e ,  f rom a f i n i t e  number o f  
r e s u l t s ,  t h e  v a r i a b i l i t y  t h a t  would  be  o b s e r v e d  i n  an i n f i n i t e  number 
o f  r e s u l t s ,  i . e . ,  an e s t i m a t e  i s  made o f  t h e  t r u e  v a r i a b i l i t y .  Tlie 
p a r a m e t e r  u s e d  s h o u ld  t h e r e f o r e  h a v e  as good a p r e c i s i o n  and b i a s  as 
p o s s ib le ,a n d  th e  b e s t  param eter i s  v a r ia n c e .  For a homogeneous s e t  o f  n 
r e s u l t s ,  t h e  e s t i m a t e ,  V , o f  t h e  t r u e  v a r ia n c e  i s  g i v e n  by t h e  e q u a t i o n ;
(Xi-X)2
j
V
n - 1
Where X i s  th e  mean r e s u l t .  The s q u a r e  r o o t  o f  t h e  v a r i a n c e  g i v e s  an 
e s t i m a t e ,  s , o f  th e  t r u e  s t a n d a r d  d e v i a t i o n  a . The s t a n d a r d  d e v ia t io n  
( s  ) o f  a n a l y t i c a l  r e s u l t s  i s  now th e  m ost common p a r a m e t e r  f o r  t h e  
q u a n t i ta t iv e  e x p r e s s i o n  o f  p r e c is io n .
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PART I
THE ANALYTICAL APPLICATIONS OF 2 , 2 '  -  PYRIDIL -
MONOXIME
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CHAPTER I  
INTRODUCTION
The u s e  o f  a - k e t o  oximes as a n a l y t i c a l  r e a g e n t s  i s  v e r y  l i m i t e d .
These  r e a g e n t s  c o n t a i n i n g  t h e — — C   C------ a to m ic  g r o u p i n g  a r e  known to
0  N
\ OH
form c o l o u r e d  ( w a t e r - i n s o l u b l e )  p r e c i p i t a t e s ,  s o l u b l e  i n  c h l o r o f o r m  w i t h  
many m e t a l  i o n s  ( 1 2 ) .  I r o n ,  p a l l a d i u m ,  c o l b a l t ,  n i c k e l ,  c o p p e r ,  z i n c ,  
cadmium and m e r c u ry  a r e  some o f  t h e  m e t a l s  which  fo rm com plexes  w i t h  
a -  k e t o  o x im e s .  The l i g a n d s  a r e  monoan ions  and t h e  m e t a l  i s  bound 
t h r o u g h  an  oxygen  and a n i t r o g e n  atom i n  a f iv e -m e m b e re d  r i n g  ( I I I ) .
:N
0
( I I I )
M
The r e a g e n t s  b e l o n g i n g  to  t h i s  c l a s s  i n c l u d e  i s o n i t r o s o a c e t o n e , 
i s o n i t r o s o a c e t r o p h e n o n e , b i a c e t y l m o n o x i m e , a -b e n z i l m o n o x i m e  and t h e  
monoxime o f  d i  -  a -  n a p h t h y l g l y o x a l . The r e a c t i o n s  o f  m e t a l s  w i t h  
a - b e n z i l m o n o x i m e  h a v e  b e e n  e x t e n s i v e l y  s t u d i e d  ( 1 3 ,1 4 )  and t h e  r e a g e n t  
h a s  b e e n  a p p l i e d  t o  t h e  s p e c t r o p h o t o i n e t r i c  d e t e r m i n a t i o n  o f  c o b a l t  (15)  
and p a l l a d i u m  ( 1 6 ) .  I s o n i t r o s o a c e t o p h e n o n e  ha s  b e e n  a p p l i e d  t o  t h e  
s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  p a l l a d i u m  (17)  and t h e  monoxime o f  
d i  - a -  n a p h t h y l g l y o x a l  has  b e e n  a p p l i e d  t o  t h e  s p e c t r o p h o t o m e t r i c  
d e t e r m i n a t i o n  o f  c o b a l t  ( 1 8 ) .
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I n  t h e  p r e s e n t  work t h e  r e a c t i o n s  o f  m e t a l s  w i t h  2 , 2 '  - p y r i d i l -  
monoxime (an a n a lo g u e  o f  ol-  b enz i lm o n o x im e )  were  i n v e s t i g a t e d  w i t h  a 
v i e w  o f  a p p l y i n g  t h e  r e a g e n t  t o  t h e  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  
v a r i o u s  m e t a l s .  Tlie r e a g e n t  formed a n a l y t i c a l l y  u s e f u l  complexes  w i t h  
p a l l a d i u m  and c o b a l t  and s p e c t r o p h o t o m e t r i c  m ethods  f o r  t h e s e  two m e t a l s  
w e re  d e v e lo p e d  ( 1 9 , 2 0 ) ,
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CHAPTER I I
SYNTHESIS AND PROPERTIES OF 2 , 2 '  -  PYRIDIL MONOXIME 
AND ITS REACTIONS WITH METALS
A. INTRODUCTION
P y r id in e  ketox im es have found w ide a p p l i c a t i o n s  in  t r a c e  m eta l
a n a l y s i s .  I n  t h e  p r e s e n t  work an u n s y m e tr ic a l  p y r id in e  k e to x i m e  w ith  
a k e t o  g roup  as an a d d i t i o n a l  c o o r d i n a t i n g  s i t e  was s y n t h e s i z e d  and 
s t u d i e d  as  an a n a l y t i c a l  r e a g e n t .  The r e a g e n t  was s y n t h e s i z e d  by t h e  
r e a c t i o n  o f  2 ,2 '  -  p y r i d i l  w i th  hydroxylam ine h y d r o c h lo r id e  and i t s  
p r o p e r t i e s  were s t u d ie d .  The r e a c t io n s  o f  m eta ls  w i t h  2 , 2 '  - p y r i d i l -  
monoxime were  i n v e s t i g a t e d  w ith  a v i e w  o f  a p p l y i n g  t h e  r e a g e n t  t o  t h e  
a n a l y s i s  o f  t r a c e  amounts  o f  m e t a l s . The r e a g e n t  was found t o  be  h i g h l y  
s e l e c t i v e  and s e n s i t i v e  f o r  p a l l a d i u m  and c o b a l t .
B. EXPERIMENTAL
1) S y n th e s is  o f  2 , 2 '  -  Pyrid ilm onoxim e
To 2 1 . 2g ( 0 . 1  m o le )  o f  2 , 2 '  -  p y r i d i l  d i s s o l v e d  i n  a 50 : 50
m i x t u r e  o f  95% e t h a n o l  and p y r i d i n e  was added 7 .0 g  ( 0 . 1  m ole )  o f
hydroxy1amine h y d r o c h l o r i d e .  The s o l u t i o n  was h e a ted  on t h e  steam  b a t h  
f o r  t h i r t y  m i n u t e s ,  c o o l e d  and t h e n  p o u r e d  in to  200 ml o f  c o l d  d i s t i l l e d  
w a t e r .  The m ixtu re  was s t i r r e d  f o r  15 m inutes  and f i l t e r e d .  The p r e ­
c i p i t a t e  was washed th orou gh ly  w ith  d i s t i l l e d  w ater  and r e c r y s t a l l i z e d  
from 95% e th a n o l .  T he re  was o b ta in e d  1 5 .1  g (66% y i e l d )  o f  w h i t e  
c r y s t a l s  m .p. 193 -  194°C . A n a l y s i s  c a l c u l a t e d  f o r  CighgNgOp ;
C, 63.43%; H, 3.99%; N, 18.49%. Found: C, 63.26%; H, 3.96%; N, 18.61%. 
C a r b o n ,  h y d r o g e n  and n i t r o g e n  a n a l y s e s  w e re  done by the  Spang M icro-  
a n a l y t i c a l  L ab ora tory , Ann Arbor, M ic h i g a n .
12
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1 a
2) Apparatus
N u c l e a r  M a gne t i c  Resonance  s p e c t r a  w ere  o b t a i n e d ,  u s i n g  10% W/V 
s o l u t i o n s  i n  d e u t e r a t e d .  d i m e t l i y l s u l f o x i d e  w i t h  TMS as t h e  i n t e r n a l  
s t a n d a r d ,  on a JNM -C - 60 HL s p e c t r o m e t e r .  I n f r a r e d  s p e c t r a  were  
o b t a i n e d  w i t h  a Beckman IR -  10 and a Beckman IR - 12 u s i n g  1% p o t a s s i u m  
bromide d i s c s .  U l t r a v i o l e t  s p e c t r a  w ere o b ta in e d  w ith  a Beckman DB 
s p e c t r o p h o t o m e t e r  e q u ip p e d  w ith  a Sargent SRL r e c o r d e r .  M e l t i n g  p o i n t s  
were  o b t a i n e d  w i t h  a F i s h e r  - J o hns  M e l t i n g  P o i n t  A p p a r a t u s .  A 
Sargent  Model LS pH m eter was used  fo r  PH m easurem ents.
3) Chem ica ls
2 , 2 '  - P y r i d i l  was o b ta in ed  f rom A l d r i c h  Chemica l  Company.
Hydroxy l  amine H y d r o c h l o r i d e ,  a n a l y t i c a l  r e a g e n t  grade f rom 
M a l l i n c r o d t  Chemical Works.
P y r i d i n e  and c h l o r o f o r m ,  A .C .S .  grades were u s e d .
4)  R e a g e n t  S o lu t io n s
For  t h e  p a llad iu m  s t u d y  a 1% W/V s o l u t i o n  i n  0 . 6  M h y d r o c h l o r i c  
a c i d  was u s e d .  For th e  o t h e r  s t u d i e s  a 1% W/V s o l u t i o n  i n  95% e t h a n o l  
was u s e d .
5) S t a n d a r d  S o lu t io n s
A s t o c k  s o l u t i o n  o f  p a l la d iu m  was prepared  by  d i s s o l v i n g  a nhyd rous  
p a l l a d i u m  ( I I )  c h l o r i d e  (F is h e r  S c i e n t i f i c )  i n  c o n c e n tr a te d  h y d r o c h l o r i c  
a c i d ,  d i l u t i n g  t o  one l i t r e  w i t h  d i s t i l l e d  w ater  and s t a n d a r d i z i n g  w i t h  
2 , 2 '  - d i p y r i d y l  ke to x im e  ( 2 1 ) .  A s t o c k  s o l u t i o n  o f  c o p p e r  was p r e p a r e d  
by d i s s o l v i n g  p u r e  copper w i r e  i n  1 ; 1 n i t r i c  a c i d  and d i l u t i n g  t o  
volume w i t h  d i s t i l l e d  w a te r .  A s t o c k  s o l u t i o n  o f  g o ld  was p r e p a r e d  by 
d i s s o l v i n g  H A^ Cl^ . ( Fi s he r  S c i e n t i f i c )  i n  d i s t i l l e d  w a t e r  and
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S ta n d a r d iz in g  w ifh  hydroquinone ( 2 2 ) .  A s t o c k  s o l u t i o n  o f  i r o n  was
p r e p a r e d  by d i s s o l v i n g  p u r e  i r o n  w i r e  (F ish e r  S c i e n t i f i c )  i n  1;1 
h y d r o c h lo r ic  a c i d  and d i l u t i n g  t o  volume w i t h  d i s t i l l e d  w a te r .  A s t o c k  
s o l u t i o n  o f  n i c k e l  was p r e p a r e d  by d i s s o l v i n g  pure n i c k e l  powder i n  1 ;1  
n i t r i c  a c i d  and d i l u t i n g  t o  volume w ith  d i s t i l l e d  w a te r .  A s t o c k  
s o l u t i o n  o f  c o b a l t  was prepared  by d i s s o l v i n g  u l t r a - p u r e  c o b a l t  m eta l  
(R e s e a r c h  I n o r g a n i c  Chemical Comp. Sun V a l l e y ,  C a l i f o r n i a )  i n  aqua  r e g i a ,  
e v a p o r a t i n g  t o  n e a r  dryness  and d i l u t i n g  to  volume w i t h  d i s t i l l e d  w a t e r .
A s t o c k  s o l u t i o n  o f  manganese was prepared  by d i s s o l v i n g  MnSO^.AHgO 
i n  d i s t i l l e d  water and d i l u t i n g  to  v o lu m e .
S t a n d a r d  s o l u t i o n s  o f  a l l  o f  t h e  m eta ls  were prepared  by a p p r o p r ia te  
d i l u t i o n s  o f  t h e  s t o c k  s o l u t i o n s .
6) P r o c e d u r e  f o r  t h e  s t u d y  o f  t h e  r e a c t i o n s  o f  m eta ls  w ith  2 , 2 '  - 
Py r  i d i l m o n o x i . m e _____________ _________________________ __________________
An a l i q u o t  o f  t h e  m e t a l  i o n  was t r a n s f e r r e d  to  a 100-ml b e a k e r .
To t h e  a c i d i f i e d  s o l u t i o n  was added f i v e  ml o f  r e a g e n t  s o l u t i o n .  The pH
was a d j u s t e d  w i t h  d i l u t e  p o t a s s i u m  h y d r o x i d e  o r  h y d r o c h l o r i c  a c i d .  Tlie
c o l o u r  was a l lo w e d  to  d e v e l o p  f o r  15 m in u tes  and t h e  s o l u t i o n s  were
d i l u t e d  t o  5 0 .0  ml and t h e  s p e c t r a  r e c o r d e d .  The p a lla d iu m  and c o b a l t
c h e l a t e s  were e x t r a c t e d  i n t o  ch loro form  and d i l u t e d  t o  2 5 .0  ml i n  g l a s s  -
s t o p p e r e d  g r a d u a t e d  c y l in d e r s  b e f o r e  s p e c t r a l  m easu rem en ts  were made.
7) I s o l a t i o n  o f  t h e  P a l l a d i u m  c h e l a t e
Two grams o f  oxime were d i s s o l v e d  i n  100 ml o f  w a t e r  by t h e  
a d d i t i o n  o f  d i l u t e  h y d r o c h l o r i c  a c i d .  A f t e r  d i s s o l u t i o n  was com p lete  t h e  
pH was a d j u s t e d  t o  1 by t h e  dropw ise  a d d i t io n  o f  d i l u t e  p o ta ss iu m  h y d r o x i d e ,  
A s o l u t i o n  o f  p a l l a d i u m  c h l o r i d e  c o r r e s p o n d i n g  t o  25 mg p a l l a d i u m  was 
p r e p a r e d  and t h e  pH was a d ju s te d  t o  1. The p a lla d iu m  s o l u t i o n  was s lo w ly
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added Co Che oxime s o l u t i o n  which was s t i r r e d  w ith  a m agn etic  s t i r r e r .
A f t e r  t h e  s o l u t i o n s  were  c o m p le te ly  m ixed , t h e  r e s u l t i n g  m ixtu re  was 
s t i r r e d  f o r  a p p r o x i m a t e l y  f i v e  m inu tes  a f t e r  which  a p r e c i p i t a t e  s t a r t e d  
t o  fo rm .  The p r e c i p i t a t e  was d i g e s t e d  f o r  t h i r t y  m inutes  on t h e  s t e a m  
b a t h  and f i l t e r e d  t h r o u g h  a medium p o r o s i t y  g l a s s  c r u c i b l e . The p r e c i p i -  
t a t e  was washed th o ro u g h ly  w i th  Ihot d i s t i l l e d  w ater  and d r ie d  o v e r n ig h t  
a t  150°C.  A n a l y s i s  c a l c u l a t e d  f o r  Pd (C^^Hg Ng 0 2 ) 2  : C , 51.58%;
H, 2.89%; Pd, 19.04%. Found: C, 51.32%; H, 2.92%; Pd, 19.18%. Carbon
and hydrogen a n a l y s e s  were done by Spang M i c r o a n a l y t i c a l  L a b o r a t o r y ,
Ann Arbor, M ic h i g a n .  The p a lla d iu m  was d e t e r m i n e d  g r a v i m e t r i c a l l y  by 
i g n i t i o n  t o  t h e  m e t a l . A few drops o f  f o r m ic  a c i d  were  a l s o  added to  
e l i m i n a t e  any p a l l a d i u m  (IT.) o x id e  formed.
8) I s o l a t i o n  o f  t h e  C o b a l t  C h e l a t e
F i v e  g o f  oxime were d i s s o l v e d  in  200 ml o f  h o t  e t h a n o l  by t h e  
a d d i t i o n  o f  a few drops o f  d i l u t e  h y d r o c h lo r ic  a c i d .  To th e  oxime  
s o l u t i o n  was added a s o l u t i o n  c o n t a in in g  100 mg o f  c o b a l t .  Tlie pH was 
a d j u s t e d  t o  5 and t h e  m ixtu re  was s t i r r e d  f o r  10 m i n u t e s .  The p r e c i p i t a t e  
was f i l t e r e d  t h r o u g h  a medium p o r o s i t y  g l a s s  c r u c i b l e  and t h o r o u g h l y  
washed  w i t h  h o t  w a te r .  The c h e l a t e  was d r i e d  o v e r n ig h t  a t  150°C.
A n a l y s t s  c a l c u l a t e d  f o r  Co (CppHgNgOg/g : C, 58.62%; H, 3.28%; Co, 7.99%. 
Found: C , 58.42%; H, 3.51%; Co, 7.91%. Carbon and h y d r o g e n  a n a l y s e s  w e re  
done  by Midwest  M icrolab  I n c . ,  I n d i a n a p o l i s ,  I n d i a n a .  The c o b a l t  was 
d e t e r m i n e d  g r a v i m e t r i c a l l y  by i g n i t i o n  t o  t h e  o x id e  ( 2 3 ) .
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c.  RESULTS AND DISCUSSION
1) P r o p e r t i e s  o f  2 ,2* -  P y r i d i lm onoxim e
The oxime i s  i n s o l u b l e  i n  w a t e r ,  c h l o r o f o r m ,  m e t h y l e n e  c h l o r i d e  
and b e n z e n e .  I t  i s  s l i g h t l y  s o l u b l e  i n  e t h a n o l .  The oxime i s  s o l u b l e  
i n  d i l u t e  a c i d s  and d i m e t h y l  s u l f o x i d e .  S o l u t i o n s  i n  e t h a n o l  a r e  
c o l o u r l e s s ,  w he re as  s o l u t i o n s  i n  d i l u t e  h y d r o c h l o r i c  a c i d  a r e  l i g h t  
y e l l o w  in  c o l o u r .
The u l t r a v i o l e t  s p e c t r u m  o f  2 ,2*  - p y r i d i l m o n o x i m e  ( i n  95% e t h a n o l )  
i s  shown i n  F i g .  1. The oxime has maxima a t  271 nm and 238 nm w i t h  
m o la r  a b s o r p t i v i t i e s  o f  1 ,21  x  10^ and 1 .6 7  x 10 ^ 1  moles  cm 
r e s p e c t i v e l y .
I n  t h e  i n f r a r e d  t h e  oxime e x h i b i t s  s t r o n g  a b s o r p t i o n  a t  t h e  
f o l l o w i n g  f r e q u e n c i e s  ( i n  cm ^ ) ;  3140,  3060,  2800 ,  1695,  1626,  1582,
1468 , 1432 , 1272, 1231, 1145 , 1090 , 1036 , 1003 , 993 , 957 , 935 , 8 0 8 ,  785 ,  
745 , 64 8 ,  6 1 9 ,  403 and 319.
The c h e m i c a l  s h i f t  o f  t h e  oxime p r o t o n  i n  10% W/V s o l u t i o n  i n  
d i m e t h y l  s u l f o x i d e  was 11 .7 8  ppm r e l a t i v e  t o  t e t r a m e t h y l s i l a n e .
2) S t r u c t u r e  o f  2,2* ~ P y r id i l m o n o x i m e
U n s y m e t r i c a l  monoximes can  e x i s t  i n  two i s o m e r i c  f o rm s .  They a r e  
d e s i g n a t e d  e i t h e r  by a  and j3 o r  a n t i  and s y n .  The two i s o m e r i c  forms 
o f  2 ,2*  - p y r id i lm o n o x im e  a r e  r e p r e s e n t e d  by s t r u c t u r e s  (IV) and (V).  
S n y t h e t i c  p r o c e d u r e s
N  C C
HO
N 0
N"
-C -
I I
0
OH
N'
(IV)
a
(V)
P
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y i e l d  one  o r  t h e  o t h e r  o r  i n  many c a s e s  b o t h  o f  t h e  i s o m e r s .  When 
u s i n g  a new o r g a n i c  r e a g e n t ,  i t  i s  i m p o r t a n t  t o  know i t s  s t r u c t u r e  
and p u r i t y .  I n f r a r e d  and NMR s p e c t r o s c o p y  were  u s e d  t o  i n v e s t i g a t e  
t h e  s t r u c t u r e  and p u r i t y  o f  2 , 2 ’ - p y r i d i l m o n o x i m e .
The s y n t h e s i s  o f  2 , 2 ’ - p y r i d i l m o n o x i m e  h a s  been  r e p o r t e d  t w i c e  
i n  t h e  l i t e r a t u r e .  S a d l e r  and P i tm a n  (24)  r e p o r t e d  a monoxime o f  
2 , 2 ’ - p y r i d i l ,  m .p .  207°C as a b y - p r o d u c t  (1.4% y i e l d )  i n  t h e  s y n t h e s i s  
o f  a and j3 i s o m e rs  o f  2 , 2 '  - p y r i d i l  -  d i o x i m e .  S a d l e r  (25)  i n  a 
l a t e r  communication a s s i g n e d  t h e  0  c o n f i g u r a t i o n  t o  t h i s  monoxime on 
t h e  b a s i s  o f  i t s  i n f r a r e d  s p e c t r u m  i n  c h l o r o f o r m  s o l u t i o n .  He a rg u e d  
t h a t  s i n c e  t h e  bonded 0 - H s t r e t c h i n g  f r e q u e n c y  and t h e  carb on y l  s t r e t c h i n g  
f r e q u e n c y  o f  t h e  monoxime in  t h e  s o l i d  s t a t e  r em a in e d  unc hanged  i n  d i l u t e  
c h l o r o f o r m  s o l u t i o n ,  t h e  h y d r o g e n  b o n d in g  must  be  i n t r a m o l e c u l a r ,  i . e . ,
 C  C---------
11 11 He u s e d  fS -  b e n z i l  monoxime as  a m o d e l .
N 0
F o r  |3 -  b e n z i l  monoxime t h e  c a r b o n y l  s t r e t c h i n g  f r e q u e n c y  (1675 cm ) i s  
t h e  same i n  b o t h  s o l i d  and s o l u t i o n  s p e c t r a .  I n  t h e  « i so m e r  t h e  c a r b o n y l  
v i b r a t i o n  s h i f t s  f rom 1645 cm“ '^ f o r  t h e  s o l i d  t o  1670 cm"^ f o r  s o l u t i o n s .  
Based  on t h e  a n a lo g y  w i t h  t h e  b e n z i l  monoximes S a d l e r  a s s i g n e d  t h e  
2 , 2 '  - p y r id i lm o n o x im e  m .p .  207°C t h e  /3 c o n f i g u r a t i o n .
In  h i s  d i s c u s s i o n  S a d l e r  o n l y  c o n s i d e r e d  t h e  p o s s i b i l i t y  o f  
h y d r o g e n  b o n d in g  be tw e en  t h e  oxime h y d r o g e n  and t h e  c a r b o n y l  o x y g e n .  He 
n e g l e c t e d  t o  c o n s i d e r  h y d r o g e n  bo n d in g  b e tw e en  t h e  oxime h y d r o g e n  and 
t h e  p y r i d i n e  n i t r o g e n , i . e .
I ^  C C-
N '
N 0
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I n  t h i s  c a s e  t h e  h y d r o g e n  b o n d in g  i s  a l s o  i n t r a m o l e c u l a r  and t h e  c a r b o n y l  
s t r e t c h i n g  f r e q u e n c y  wou ld  n o t  change  i n  g o in g  from t h e  s o l i d  s t a t e  t o  
a  d i l u t e  s o l u t i o n .  Thus S a d l e r ' s  a rgum ent  i s  e q u a l l y  v a l i d  f o r  b o t h  
i s o m e rs  and h e n c e  c a n n o t  be u s e d  to  d i s t i n g u i s h  be tw een  t h e  two.
Dornow and Bruncken (26)  r e p o r t e d  t h e  s y n t h e s i s  o f  a 2 , 2 '  - p y r i d i l ­
monoxime m .p .  198° C by t h e  n i t r o s a t i o n  o f  desoxy  - a -  p y r i d o i n  i n  
507» y i e l d  b u t  a s s i g n e d  no c o n f i g u r a t i o n .
The monoxime p r e p a r e d  by o u r  s y n t h e t i c  p r o c e d u r e  had  a m .p .  o f  
193 -  194° C. The i n f r a r e d  s p e c t r u m  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f rom 
t h a t  r e p o r t e d  by S a d l e r .  The i n f r a r e d  s p e c t r u m  o f  a p o t a s s i u m  b rom ide
d i s c  c o n t a i n e d  a s t r o n g  c a r b o n y l  band  a t  1595 cm  ^ and a b r o a d  h y d r o x y l
-1band a t  3060 -  3200 cm . When t h e  s p e c t r u m  o f  a d i l u t e  c h l o r o f o r m
s o l u t i o n  was run , t h e r e  was no s h i f t  i n  t h e  c a r b o n y l  f r e q u e n c y .
The p a l l a d i u m  and c o b a l t  c h e l a t e s  had c a r b o n y l  s t r e t c h i n g  f r e q u e n c i e s  
-1  -1a t  1682 cm and 1660cm r e s p e c t i v e l y .  The h y d r o x y l  band n o t e d  i n  t h e  
i n f r a r e d  s p e c t r u m  o f  t h e  monoxime was a b s e n t  i n  t h e  s p e c t r a  o f  t h e  
c h e l a t e s .  The s h i f t  in  t h e  c a r b o n y l  band  t o  low er  f r e q u e n c i e s  i n d i c a t e s  
t h a t  s o m e t h in g  ha s  happened t o  t h e  c a r b o n y l  oxygen .  T he re  a r e  o n l y  two 
p o s s i b i l i t i e s  ;
1 .
+2
0 N
o /
\ p d  
2
/
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I f  I  we re  t r u e ,  t h e n  t h e  c a r b o n y l  s t r e t c h  would e i t h e r  r e m a i n  unchanged  
o r  s h i f t e d  t o  h i g h e r  f r e q u e n c i e s . The c a r b o n y l  v i b r a t i o n  was s h i f t e d  
t o  low er  f r e q u e n c i e s ,  t h e r e f o r e  1 as  a  p o s s i b i l i t y  i s  e l i m i n a t e d .  Th i s  
l e a v e s  o n l y  2.  T h e r e f o r e  we can  s t a t e  t h a t  ------ C—  must
0
Pd
2
h a v e  t a k e n  p l a c e .  Th i s  i n d i c a t e s  t h a t  p a l l a d i u m  i s  bonded  t o  t h e  
c a r b o n y l  oxygen .  The same a rgum en t  would  a p p l y  i f  t h e  c o b a l t  c h e l a t e  
was u s e d  as t h e  e xa m ple .
The o n l y  q u e s t i o n  r e m a i n i n g  i s  w h e t h e r  t h e  c o v a l e n t  bond i s  w i t h  
t h e  n i t r o g e n  o r  t h e  oxygen o f  t h e  oxime g r o u p . I f  b o n d in g  i s  t h r o u g h  
t h e  oxygen we o b t a i n ;  ------C-
0
-C
II
N
\ p d . 0
T h is  i s  an e x t r e m e l y  d i s t o r t e d  s i x  membered r i n g .  We h a v e  found t h a t  
m o l e c u l a r  mode ls  o f  t h e  above s t r u c t u r e  a r e  v e r y  d i f f i c u l t  t o  make.  I f  
t h e  b o n d in g  i s  t h r o u g h  t h e  oxime n i t r o g e n ,  we o b t a i n ;   C  c ------
0 ^  \ p /
w h ich  i s  a s t a b l e  f i v e  membered r i n g .
From t h e  above  e v i d e n c e  and a rgum en ts  t h e  2 , 2 '  - p y r id i lm o n o x im e  
m .p .  193 -  194°C i s  a s s i g n e d  t h e  a  c o n f i g u r a t i o n .
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The i n f r a r e d  s p e c t r a  d i d  n o t  y i e l d  i n f o r m a t i o n  on t h e  p u r i t y  o f  
t h e  i s o m e r .  We u s e d  NMR d a t a  t o  p r o v e  t h a t  o n l y  one  i som er  was 
p r e s e n t .
K l e i n s p e h n  e t .  a l .  (27)  showed t h a t  s o l u t i o n s  o f  oximes i n  
d i m e t h y l  s u l f o x i d e  e x h i b i t  a h y d r o x y l  p r o t o n  r e s o n a n c e  s i g n a l  whose 
c h e m i c a l  s h i f t  v a l u e  i s  e s s e n t i a l l y  c o n c e n t r a t i o n  i n d e p e n d e n t  and t h u s  
c h a r a c t e r i s t i c  o f  t h e  p a r t i c u l a r  ox im e .  T a n a k a ,  Shona and S h i n r a  (28)  
showed t h a t  t h e  t h r e e  d io x im e  i s o m e rs  o f  b e n z i l  gave  s h a r p  s i g n a l s  f o r  
t h e  h y d r o x y l  proton  and t h e y  a l s o  found  t h a t  t h e  c h e m i c a l  s h i f t s  were  
n o t  a f f e c t e d  by  m ix in g  o f  i s o m e rs  and t h u s  t h e y  were  a b l e  t o  d e t e r m i n e  
and i d e n t i f y  m i x t u r e s  o f  t h e  t h r e e  i s o m e r s .  O t h e r  w o r k e r s  ( 2 9 ,3 0 )  a l s o  
u s e d  NMR s p e c t r a  t o  a s s e s s  t h e  p u r i t y  and d e t e r m i n e  t h e  s t r u c t u r e  o f  
v a r i o u s  o x im e s .
The c h e m i c a l  s h i f t  o f  t h e  h y d r o x y l  p r o t o n  ( i n  10% W/V d e u t e r a t e d  
d i m e t h y l  s u l f o x i d e )  o f  t h e  monoxime i s o l a t e d  by o u r  s y n t h e t i c  p r o c e d u r e  
was 11.78 ppm. r e l a t i v e  t o  t e t r a m e t h y l  s i l a n e . The p r e s e n c e  o f  o n l y  
one  band  i n d i c a t e d  t h e  p r e s e n c e  o f  o n l y  one i s o m e r .  F u r t h e r m o r e  t h e  
c h e m i c a l  s h i f t  o f  t h e  h y d r o x y l  p r o t o n  o f  2 , 2 '  -  d i p y r id y l  k e to x im e
(VI) was 11 .8 1  ppm.
-C-
(V I)
The e l e c t r o n i c  e n v i r o n m e n t  o f  t h e  h y d r o x y l  p r o t o n s  o f  2 , 2 '  -  p y r i d y l
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k e to x i m e  and t h e  a  i som er  a r e  v e r y  s i m i l a r  and h e n c e  we would e x p e c t  t h e  
c h e m i c a l  s h i f t s  t o  be  t h e  same.  T h i s  i s  f u r t h e r  e v i d e n c e  f o r  t h e  a s s i g n ­
men t  o f  t h e  a  c o n f i g u r a t i o n  t o  t h e  2 , 2 '  - p y r i d i l m o n o x i m e  m .p . 193~194°C.
3) S t r u c t u r e  o f  t h e  P a l l a d i u m  and C o b a l t  C h e l a t e s
From t h e  i s o l a t e d  c h e l a t e s  i t  was found t h a t  t h e  r e a g e n t  t o  m e t a l  
r a t i o  was 2 ; 1  f o r  p a l l a d i u m  and 3 : 1  f o r  c o b a l t .  A c o n t i n u o u s  v a r i a t i o n s  
p l o t  a l s o  i n d i c a t e d  a l i g a n d  t o  m e t a l  r a t i o  o f  2 ; 1  f o r  t h e  p a l l a d i u m  
c h e l a t e  ( T a b le  I  and F i g .  2 . ) .  For  b o t h  c h e l a t e s  t h e  c a r b o n y l  s h i f t  t o  
l ow e r  f r e q u e n c i e s  and t h e  d i s a p p e a r a n c e  o f  t h e  h y d r o x y l  band on c h e l a t i o n  
i n d i c a t e s  bo n d in g  t h r o u g h  t h e  c a r b o n y l  oxygen  and t h e  n i t r o g e n  o f  t h e  
oxime g r o u p .  The f o r m a t i o n  o f  an  e x t r e m e l y  d i s t o r t e d  s i x  membered r i n g  
p r e c l u d e s  bo n d in g  t h r o u g h  t h e  oxime ox y g e n .  The two c h e l a t e s  may b e  
r e p r e s e n t e d  by t h e  f o l l o w i n g  s t r u c t u r e s ;
\  /
Pd'^
N
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TABLE I
CONTINUOUS VARIATIONS DATA FOR PALLADIUM ( I I )  
AND 2 , 2 '  -  PYRIDILMONOXIME
Sample Mole F r a c t i o n  Oxime Abso rbance
1 0 .9 3 6 0 .0 8 9
2 0 .8 7 8 0 .1 4 9
3 0 .8 1 4 0 .1 8 5
4 0 .7 5 0 0 .2 2 1
5 0 .6 8 5 0 .2 3 6
6 0 .6 2 5 0 .2 3 3
7 0 .5 6 4 0 .2 0 6
8 0 .5 0 0 0 .1 8 1
9 0 .4 3 8 0 .1 4 3
10 0 .3 7 4 0 .1 0 4
11 0 .3 1 2 0 .0 9 7
12 0 .2 5 0 0 .0 7 6
13 0 .1 8 8 0 .0 5 4
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F i g u r e  2. C o n t in u o u s  v a r i a t i o n s  p l o t  f o r  t h e  p a l l a d i u m  
( I I )  2 , 2 '  - pyr id ilm onoxim e com plex.
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4) R e a c t io n s  o f  M eta ls  w ith  2 , 2 '  -  P yrid ilm onoxim e
The m e t a l s  and p a r a m e t e r s  s t u d i e s  a r e  summarized  i n  T a b l e  I I .  The
v i s i b l e  s p e c t r a  o f  t h e  v a r i o u s  complexes  a r e  p r e s e n t e d  i n  F i g . 3 and
F i g . 4 .  Of t h e  m e t a l s  s t u d i e d  o n l y  p a l l a d i u m  and c o b a l t  p o s s e s s e d  
p r o p e r t i e s  s u i t a b l e  f o r  t h e i r  a n a l y t i c a l  d e t e r m i n a t i o n .  The o t h e r  
m e t a l s  s t u d i e d  were  e x t r e m e l y  pH d e p e n d e n t  i n  t h e i r  r e a c t i o n s  and d r a s t i c  
c hanges  i n  b o t h  t h e  v i s i b l e  s p e c t r a  and e x t i n c t i o n  c o e f f i c i e n t s  o c c u r r e d  
w i t h  a c h a n g e  i n  pH. For  t h e  n i c k e l  complex no r e p r o d u c i b l e  s p e c t r a  
c o u l d  be  o b t a i n e d .  Fo r  t h e  iro n  s y s t e m  t h e  maximum i s  a t  540 nm a t  pH
2 and 578 nm a t  pH 11 .  Manganese gave  o n l y  a weak c o l o u r  r e a c t i o n
and h e n c e  was n o t  i n v e s t i g a t e d  f u r t h e r .
A c o n t i n u o u s  v a r i a t i o n s  p l o t  (T a b le  I I I  and F i g .  5) f o r  t h e  
c o p p e r  s y s t e m  i n d i c a t e d  th e  f o r m a t i o n  o f  a 2 :1  c om plex .  A c o n t i n u o u s  
v a r i a t i o n s  p l o t  f o r  t h e  i r o n  s y s t e m  (T a b le  IV and F i g .  6) i n d i c a t e d  t h e  
f o r m a t i o n  o f  a t  l e a s t  two c o m p l e x e s .
The c o b a l t , p a l l a d i u m ,  ir o n  and n i c k e l  c h e l a t e s  a r e  r e a d i l y  
e x t r a c t a b l e  i n t o  c h l o r o f o r m .  The g o l d  c h e l a t e  i s  e x t r a c t a b l e  i n t o  
c h l o r o f o r m  i n  t h e  p r e s e n c e  o f  a l a r g e  e x c e s s  o f  p e r c h l o r a t e  i o n s .
D. SUMMARY AMD CONCLUSIONS
The s y n t h e s i s  and p r o p e r t i e s  o f  2 , 2 '  - p y r i d i l m o n o x i m e  h a v e  b e e n  
d e s c r i b e d .  On t h e  b a s i s  o f  s p e c t r o s c o p i c  e v i d e n c e  t h e  2 , 2 '  -  p y r i d i l ­
monoxime m. p .  193 -  194°C was a s s i g n e d  t h e  a. c o n f ig u r a t io n .  The s t u d y  
o f  the reactions of various motals with the reagent indicated that i t  
c o u ld  b e  a p p l i e d  t o  t h e  d e t e r m i n a t i o n  o f  t r a c e  amounts o f  p a l l a d i u m  
and c o b a l t .  Tlie p a l l a d i u m  and c o b a l t  c h e l a t e s  w e re  i s o l a t e d  and a n a l y z e d ,  
From t h e  i n f r a r e d  d a t a  i t  was p o s t u l a t e d  t h a t  b o n d i n g  t o  t h e  m e t a l  o c c u r s
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TABLE I I
REACTIONS OF METALS WITH 2 , 2 '  - PYRIDILMONOXIME
M e ta l  Ion Optimum pH Range Xmax(nm) Molar  A b s o r p t i v i t y
Pd ( I I ) 0 .5  - 2 416 1 .1  X 10^
Co ( I I I ) 4 .5  -  7 408 1 .7  X 10^
Au ( I I I ) 0 .8  - 1 .5 434 1 .5  X 10^
Cu ( I I ) 7 - 9 424 4 .5  X 10^
Fe ( I I I ) 8 -  9 574 1 .1  X 10^
Ni ( I I ) S l i g h t  R e a c t i o n
Mb ( I I ) S l i g h t  R e a c t io n
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Figure 3 . S p ectra l absorption  curves o f  m etal 2 ,2 '
p y r id i lm o n o x im e  complexes  .
1. Au ( I I I ) complex i n aqueous s o lu t io n .
2. Cu ( I I ) complex i n aqueous s o lu t io n .
3. Pd (I I ) complex i n c h l o r o f o r m  s o lu t io n .
4. Co (I I I ) complex i n chloroform s o l u t i o n .
5. Ni ( I I ) complex in aqueous s o lu t io n .
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F i g u r e  4 .  S p e c t r a l  a b s o r p t i o n  c u r v e s  o f  t h e  i r o n  ( I I I )  
2 , 2 '  - p y r id i lm o n o x im e  complex a t  v a r y i n g  pH.
1. pH = 2
2 .  pH = 4
3 .  pH = 11
4 .  pH = 7
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TABLE I I I
CONTINUOUS VARIATIONS DATA FOR COPPER ( I I )  
AND 2 , 2 '  -  PYRIDILMONOXIME
Sample Mole F r a c t i o n  Oxime Absorbance
I 0 .9 3 8 0 .1 4 6
2 0 .8 7 5 0 .2 6 3
3 0 .8 1 3 0 .3 5 4
4 0 .7 5 0 0 .3 8 3
5 0 .6 8 8 0 .3 8 4
6 0 .6 2 5 0 .3 7 7
7 0 .5 6 3 0 .3 4 4
8 0 .5 0 0 0 .3 5 5
9 0 .4 3 8 0 .3 1 9
10 0 .3 7 5 0 .2 6 4
11 0 .3 1 3 0 .2 1 8
12 0 .2 5 0 0 .1 6 6
13 0 .1 8 8 0 .1 2 7
14 0 .1 2 5 0 .0 7 8
15 0 .0 6 3 0 .0 4 8
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F i g u r e  5 .  C o n t i n u o u s  v a r i a t i o n s  p l o t  f o r  t h e  c o p p e r
( I I )  2 , 2 '  - p y r id i lm o n o x im e  complex .
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TABLE IV .
CONTINUOUS VARIATIONS DATA FOR IRON ( I I I )  
AND 2 , 2 '  - PYRIDILMONOXINE
Sample Mole F r a c t io n  Oxime A bso rbance
1 0 .9 9 2 0 .0 4 2
2 0 .9 8 3 0 .0 9 5
3 0 .9 6 5 0 .1 4 9
4 0 .9 2 8 0 .2 4 8
5 0 .8 8 9 0 .2 8 3
6 0 .8 4 8 0 .3 2 7
7 0 .8 0 3 0 .3 2 2
8 0 .7 5 5 0 .3 2 3
9 0 .7 0 4 0 .1 6 5
10 0 .6 5 0 0 .1 5 8
11 0 .5 9 0 0 .2 4 4
12 0 .5 2 7 0 .1 9 6
13 0 .4 5 7 0 .1 6 4
14 0 .3 8 2 0 .0 9 0
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F ig u r e  6 . C ontinuous v a r ia t io n s  p lo t  fo r  th e  ir o n
(III) 2,2' - pyridilnronoxiine system.
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t h r o u g h  t h e  c a r b o n y l  oxygen and t h e  oxirae n i t r o g e n .
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CHAPTER I I I
SPECTROPHOTOMETRIC DETERMINATION OF PALLADIUM 
WITH 2 ,2 '  -  PYRIDILMONOXIME
A. INTRODUCTION
Many r e a g e n t s ,  b o t h  i n o r g a n i c  and o r g a n i c ,  have  b e e n  u s e d  f o r  
t h e  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  p a l l a d i u m .  C r i t i c a l  e v a l u a ­
t i o n s  o f  t h e  v a r i o u s  r e a g e n t s  and m ethods  h a v e  b e e n  p u b l i s h e d  by 
Beamish and McBryde ( 3 1 ,3 2 )  and Beamish (33) .  The l i s t  o f  r e a g e n t s  
and m ethods  ha s  b e e n  k e p t  up t o  d a t e  by t h e  rev iew s o f  B o l t z  and 
M ellon  (34 - 3 7 ) .
The i n o r g a n i c  r e a g e n t s  u s e d  i n c l u d e  t i n  ( I I )  s a l t s .  Fo r  t h e  
r a n g e  0 . 5  - 2 . 5  ppm o f  p a l l a d i u m ,  t i n  ( I I )  s a l t s  p r o v i d e  u s e f u l  s p e c t r o ­
p h o to m etr ic  p r o c e d u r e s .  The u s e  o f  t in  ( I I )  s a l t s  ha s  been  s t u d i e d  by 
Ayres  and Meyer ( 3 8 ) ,  Ayres  and Alsop  (39)  , and P a n t i n i  and P i c c a r d i  
( 4 0 ) .  P a l l a d i u m  h a s  a l s o  b e e n  d e t e r m i n e d  s p e c tr o p h o to m e tr ic a l ly  as 
t h e  b rom ide  (41)  and as  t h e  t h i o c y a n a t e  (42) .
Most o f  t h e  o r g a n i c  r e a g e n t s  u s e d  f o r  th e  s p e c t r o p h o t o m e t r i c  
d e t e r m i n a t i o n  o f  p a l l a d i u m  f a l l  i n t o  f o u r  b r o a d  c a t e g o r i e s :  n i t r o s o a m i n e s , 
n i t r o s o n a p h t h o l s , m e r c a p t o  compounds and o x i m e s .
Of t h e  n i t r o s o a m i n e s ,  p - n i t r o s o d i p h e n y l a m i n e , p - n i t r o s o d i m e t h -  
y l a n i l i n e  and p - n i t r o s o d i e t h y l a n i l i n e  h a v e  been  recommended by 
O v e r h o l s e r  and Yoe ( 4 3 ) .  T h i s  c l a s s  o f  r e a g e n t s  p r o d u c e s  e x t r e m e l y  
s e n s i t i v e  r e a c t i o n s  w i t h  p a l l a d i u m ;  h ow ever , t h e  e f f e c t i v e n e s s  o f  t h e  
m ethods  i s  r e d u c e d  s i n c e  t h e  pH must  be  s t r i c t l y  c o n t r o l l e d ,  t h e  c o l o u r  
i n t e n s i t y  i s  v e r y  s e n s i t i v e  t o  th e  p r e se n c e  o f  s a l t s  and t h e r e  a r e  many
40
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i n t e r f e r e n c e s .
Both  1 -  n i t r o s o  -  2 - n a p h t h o l  (44)  and 2 - n i t r o s o  -  1 -
n a p h t h o l  (45)  have  b e e n  u s e d  f o r  t h e  d e t e r m i n a t i o n  o f  p a l l a d i u m  i n  t h e
r a n g e  0 . 5 - 5  ppm. Of t h e  v a r i o u s  n i t r o s o n a p h t h o l s  u s e d  f o r  t h e  d e t e r ­
m i n a t i o n  o f  p a l l a d i u m ,  1 -  n i t r o s o  -  2 - n a p t h o l  - 3 , 6  - d i s u l p h o n a t e
( N i t r o s o  -  R S a l t )  i s  c o n s i d e r e d  t o  b e  t h e  b e s t  ( 4 6 ) .
R e p r e s e n t a t i v e  examples  o f  m e r c a p t o  compounds u s e d  as  r e a g e n t s  
f o r  pa l l a d iu m ,  i n c l u d e ;  2 - m e r c a p t o  - 4 , 5  -  d i m e t h y l t h i a z o l e  ( 4 7 ) ,
2 -  m e r c a p t o b e n z i m i d a z o l e  ( 4 8 ) ,  2 - m e r c a p t o q u i n o l i n e  ( 4 9 ) ,  and d i t h i o  -  
oxamide (50)  and i t s  d e r i v a t i v e s .
Oximes have  r e c e i v e d  much a t t e n t i o n  as r e a g e n t s  f o r  p a l l a d i u m  s i n c e  
t h e y  a r e  t h e  o n l y  r e a g e n t s  f o r  p a l l a d i u m  w hich  a p p ro a c h  s p e c i f i c i t y .  
D im e th y lg ly o x lm e  ha s  b e e n  u s e d  f o r  t h e  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  
o f  p a l l a d i u m  by Kodama ( 5 1 ) .  a -  F u r f u r a l d i o x i m e  was u s e d  by Menis and 
R a in s  (52)  t o  p r o d u c e  a y e l l o w  complex w h i c h , i n  an aqueous e t h a n o l  
medium, obeyed B e e r ' s  Law a t  420 nm. Nioxime (53)  and i t s  d e r i v a t i v e s
(54)  h a v e  a l s o  b e e n  u s e d  as  r e a g e n t s  f o r  p a l l a d i u m .
Some o f  t h e  more r e c e n t  r e a g e n t s  f o r  p a l l a d i u m  a r e  a r s e n a z o  I I I
( 5 5 ) ,  2 , 2 '  - d i p y r i d y l g l y o x i m e  ( 5 6 ) ,  d i m e t h y l s u l f o n a z o  I I I  ( 5 7 ) ,  and 
p y r i d i n e  -  2 - c a r b o x a l d e h y d e  - 2 '  -  p y r i d y l  h y d r a z o n e  ( 5 8 ) .  The most  
s e n s i t i v e  method to  d a t e  i s  b a s e d  upon t e r n a r y  complex f o r m a t i o n  w i t h
1 , 10 -  p h e n a n t h r o l i n e  o r  p y r i d i n e  and Rose Benga l  E x t r a  ( 5 9 ) .  The 
m o la r  a b s o r p t i v i t i e s  a r e  5 x  10^ ( a q u e o u s )  and 1 .2 5  x  10^ ( o r g a n i c )  
i n  t h e  p r e s e n c e  o f  a  1000 -  f o l d  m o la r  e x c e s s  o f  EDTA as mass 
m ask ing  a g e n t .
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In  t h e  p r e s e n t  w ork ,  2 , 2 '  - p y r id i lm o n o x im e  was i n v e s t i g a t e d  
as  a  new r e a g e n t  f o r  t h e  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  p a l l a d i u m .  
The r e a c t i o n  be tw e en  p a l l a d i u m  ( I I )  and 2 , 2 '  - p y r id i lm o n o x im e  was 
i n v e s t i g a t e d  t o  d e t e r m i n e  s u c h  f a c t o r s  as  opt imum c o n c e n t r a t i o n  o f  
r e a g e n t ,  i n f l u e n c e  o f  pH on complex f o r m a t i o n  and e x t r a c t i o n ,  c h o i c e  o f  
s o l v e n t ,  e f f e c t  o f  d i v e r s e  i o n s  and p r e c i s i o n  and a c c u r a c y .  A p r o c e d u r e  
was d e v e lo p e d  fo r  t h e  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  p a l l a d i u m  ( I I ) <
B. EXPERIMENTAL
1) I n s t r u m e n t s
The a b s o r b a n c e  m ea s u rem e n ts  were  made w i t h  a H i t a c h i  P e r k i n  - 
Elmer Model 139 s p e c t r o p h o t o m e t e r ,  a  Beckman DB s p e c t r o p h o t o m e t e r  
e q u ip p e d  w i t h  a S a r g e n t  Model SRL r e c o r d e r  and 1 .0 0 - c m .  s i l i c a  c e l l s .
A S a r g e n t  Model LS pH m e t e r  was u s e d  f o r  pH m e a s u r e m e n t s .
2) R e a g e n t s
2 , 2 '  -  P y r id i lm onox i rne  s o l u t i o n ;  A 1% W/V s o l u t i o n  i n  0 . 6  M 
h y d r o c h l o r i c  a c i d  was p r e p a r e d .  T his s o l u t i o n  was s t a b l e  f o r  f i v e  d a y s .  
P a l l a d i u m  ( I I )  s o l u t i o n ;  A s t o c k  s o l u t i o n  o f  p a l l a d i u m  was p r e p a r e d  
by d i s s o l v i n g  anhydrous  p a lla d iu m  ( I I )  c h l o r i d e  ( F i s h e r  S c i e n t i f i c )  i n  
c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  d i l u t i n g  t o  one l i t r e  w i t h  d i s t i l l e d  
w a t e r  and s t a n d a r d i z i n g  w i t h  2 , 2 ' -  d i p y r i d y l  k e to x i m e  ( 2 1 ) .
D i v e r s e  c a t i o n  s o l u t i o n s ;  p r e p a r e d  from r e a g e n t  g r a d e  c h l o r i d e  
o r  n i t r a t e  s a l t s .
D i v e r s e  anion  s o l u t i o n s ;  p r e p a r e d  from r e a g e n t  g r a d e  sod ium  
o r  p o t a s s i u m  s a l t s .
C h lo ro fo rm ;  A .C .S .  g r a d e  was u s e d .
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3) Recommended P r o c e d u r e
T r a n s f e r  an a l i q u o t  o f  s am p le  s o l u t i o n  c o n t a i n i n g  50 -  200 ug 
o f  p a l l a d i u m  ( I I )  t o  a 100-ml b e a k e r .  To t h e  b e a k e r  add 4 ml o f  
f r e s h l y  p r e p a r e d  r e a g e n t  s o l u t i o n  and a d j u s t  t h e  pH to  1 by t h e  a d d i t i o n  
o f  a few d r o p s  o f  d i l u t e  po tas s ium ,  h y d r o x i d e  o r  h y d r o c h l o r i c  a c i d  
s o l u t i o n .  Allow t h e  c o l o u r  t o  d e v e l o p  f o r  15 m i n u t e s  and e x t r a c t  
w i t h  t h r e e  5-ml p o r t i o n s  o f  c h l o r o f o r m .  F i l t e r  t h e  e x t r a c t s  t h r o u g h  a 
f u n n e l  c o n t a i n i n g  a s m a l l  p l u g  o f  g l a s s  wool  i n t o  a 25-ml g l a s s  - 
s t o p p e r e d  g r a d u a t e d  c y l i n d e r .  Wash w i t h  a few ml o f  c h l o r o f o r m .  Make 
up t o  volume w i t h  c h l o r o f o r m  and m e a s u r e  t h e  a b s o r b a n c e  a t  416 nm 
a g a i n s t  a r e a g e n t  b l a n k  p r e p a r e d  i n  a s i m i l a r  m anne r .  C a l c u l a t e  t h e  
amount o f  p a l l a d i u m  from a p r e v i o u s l y  p r e p a r e d  c a l i b r a t i o n  c u r v e .
C . RESULTS
1) E f f e c t  o f  pH
The opt imum pH r a n g e  f o r  c h e l a t e  f o r m a t i o n  and e x t r a c t i o n  was
0 . 5  t o  2 . 0  (T ab le  V ) .  At pH v a l u e s  g r a t e r  t h a n  4 t h e  s p e c t r a l
c h a r a c t e r i s t i c s  o f  t h e  c h e l a t e  c h a n g e .
2) A b s o r p t i o n  S p e c t r a
The a b s o r p t i o n  s p e c t r a  o f  t h e  p u r e  p a l l a d i u m  c h e l a t e  and t h e  
r e a g e n t  b l a n k  a r e  p r e s e n t e d  i n  F i g .  7 .  The p a l l a d i u m  c h e l a t e  ha s
a b s o r p t i o n  maxima a t  416 and 256 nm and a s h o u l d e r  a t  272 nm. The 416 nm
maximum was c hosen  fo r  a n a l y t i c a l  u s e  s i n c e  t h e  r e a g e n t  does  n o t  absorb  
a t  t h i s  w a v e l e n g t h .
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TABLE V
INFLUENCE OF pH ON COMPLEX FORMATION 
AND EXTRACTION ( 4 .0  ppm Pd)
pH A bso rba nce  o f
O r g a n ic  E x t r a c t
0 .0 0 .4 0 5
0 .5 0 .4 1 0
1 .0 0 .4 1 3
1 .5 0 .4 1 0
2 .0 0 .4 1 1
2 .5 0 .4 0 5
3 .2 0 .3 9 0
4 .0 0 .3 4 5
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F i g u r e  / .  A b s o r p t i o n  s p e c t r u m  o f  t h e  p u r e  p a l l a d i u m  
c h e l a t e  i n  c h l o r o f o r m .
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3) E f f e c t  o f  R eagent C o n cen tra tio n
I t  was found t h a t  a t  l e a s t  a  20 - f o l d  e x c e s s  o f  r e a g e n t  i s  
r e q u i r e d  f o r  s a t i s f a c t o r y  r e s u l t s .
4)  E f f e c t  o f  Time.
C h e l a t e  f o r m a t i o n  was c o m p l e t e  i n  10 m in u te s . The c h l o r o f o r m  
e x t r a c t s  w e re  s t a b l e  f o r  a t  l e a s t  24 h o u r s  when k e p t  i n  t h e  d a r k .
5) E f f e c t  o f  S o l v e n t s
U s in g  t h e  recommended p r o c e d u r e  t h e  c h e l a t e  was c o m p l e t e l y  
e x t r a c t e d  i n t o  c h l o r o f o r m ,  m e t h y l e n e  c h l o r i d e  and e t h y l e n e  d i c h l o r i d e  
and p a r t i a l l y  e x t r a c t e d  i n t o  c a r b o n  t e t r a c h l o r i d e ,  b e n z e n e  and amyl 
a l c o h o l .
6 ) B e e r ' s  Law
A s t r a i g h t  l i n e  was o b t a i n e d  o v e r  t h e  r a n g e  1 - 1 3  ppm when 
a b s o r b a n c e  was p l o t t e d  a g a i n s t  c o n c e n t r a t i o n  (T a b le  VI and F i g ,  8 . ) .
7) Optimum C o n c e n t r a t i o n  Range and S e n s i t i v i t y  o f  t h e  Method
The opt imum c o n c e n t r a t i o n  r a n g e  e v a l u a t e d  by Ringbom's  method
was 2 - 8  ppm (T a b le  V I I  and F i g .  9 ) .  The m o la r  a b s o r p t iv i t y  o f  t h e
c h e l a t e  a t  416 nm was 1 .1  x 10 '^’ and t h e  S a n d e l l  s e n s i t i v i t y  was 0 .0 1  
- 2
ug cm
8 ) P r e c i s i o n  and Accuracy
The p r e c i s i o n  and a c c u r a c y  o f  t h e  method was s t u d i e d  by a n a l y z i n g  
s o l u t i o n s  c o n t a i n i n g  known amounts  o f  p a l l a d i u m .  The r e s u l t s  a r e  
summarized  i n  T a b le  V I I I .
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TABLE V I
BEER'S LAW DATA FOR THE SPECTROPHOTOMETRIC 
DETERMINATION OF PALLADIUM WITH 2 , 2 '  -  PYRIDILMONOXIME
Sample P a l l a d i u m  C o n c e n t r a t i o n  
ppm
A bso rbance
1 1 . 0 0 0 .0 9 5
2 2 .0 0 0 .1 9 8
3 3 .0 0 0 .3 0 7
4 4 . 0 0 0 .4 1 0
5 5 .0 0 0 .5 1 1
6 6 .0 0 0 .6 1 9
7 7 .0 0 0 .7 1 4
8 8 .0 0 0 .8 2 0
9 9 .0 0 0 .9 1 9
1 0 10 .0 0 1 .032
1 1 1 2 .0 0 1 .2 3 6
1 2 1 3 .0 0 1 .332
13 1 4 .0 0 1 .4 3 8
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F i g u r e  8 . B e e r ' s  Law p l o t  f o r  t h e  d e t e r m i n a t i o n  o f  
p a l l a d i u m  w i t h  2 , 2 ' -  p y r id i lm o n o x i r n e .
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TABLE VII  
RINGBOM DATA FOR THE DETERMINATION 
OF PALLADIUM WITH 2 ,2 '  -  PYRIDILMONOXIME
C o n c e n t r a t i o n
ppm
Log c A b s o r p t a n c y  
100 -7o T
1 .0 0 0 .0 0 0 19 .5
2 .0 0 0 .3 0 1 3 6 .5
3 .0 0 0 .4 7 7 5 1 .8
4 . 0 0 0 .6 0 2 6 1 .1
5 . 0 0 0 .6 9 9 6 9 .2
6 .0 0 0 .7 7 8 7 6 .0
7 .0 0 0 .8 4 5 8 0 .7
8 .0 0 0 .9 0 3 8 4 .9
9 .0 0 0 .9 5 4 8 8 .0
1 0 .0 0 1 .0 0 9 0 .7
1 2 . 0 0 1 .0 7 9 9 4 .2
13 .0 0 1 .1 1 4 9 5 .4
14 .00 1 .146 9 6 .3
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F i g u r e  9.  Rlngbont p l o t  f o r  t h e  d e t e r m i n a t i o n  o f  
p a l l a d i u m  w i t h  2 , 2 * - p y r id i lm o n o x i r n e .
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TABLE V III  
PRECISION AND ACCURACY
P a l l a d i u m  ^ P a l l a d i u m  R e l a t i v e  S t a n d a r d  Range ,  ppm
T a k e n ,  ppm Found ,  ppm E r r e r ,  % D e v i a t i o n ,  ppm
2 . 0 0  2 .0 0  0 . 0 0  0 .0 5  0 . 1 4
4 .0 0  4 .0 0  0 .0 0  0 .0 3  0 .1 0
8 .0 0  7 .9 9  0 .1 3  0 .0 4  0 .1 2
* Each r e s u l t  i s  t h e  a v e r a g e  o f  t e n  s e p a r a t e  a n a l y s e s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
9) E f f e c t  o f  D i v e r s e  Ions
F i v e  mg o f  d i v e r s e  i o n  w e re  added t o  a 100-ml b e a k e r  c o n t a i n i n g  
100 ug o f  p a l l a d i u m  and t h e  recommended p r o c e d u r e  was f o l l o w e d .  The 
f o l l o w i n g  i o n s  d i d  n o t  i n t e r f e r e :  Li"' ' , Na^ ,  K^, Tl"^, B e^^ ,  , Ca"^^,
Sr+^, Ba^^, Mn+^, Fe+^, Zn+2 , Cd^^, P t+ ^ , Hg*^, Pb^ "2\  UÛ2 *^ ,
A l+ 3 ,C r+ i Ga+3, A s+3, Rh+3, In + 3 , B i+ 3 , Ce+3, T i+ 4 , Zr+4, H f+4,
-f-Zi. ~f~5 "f”7 " ^ 8  — — — — 2
Th^^\ T e ^ ,  V , Re , Os , F , Br , NO] , SO4  , EDTA and
c i t r a t e .  The f o l l o w i n g  io n s  d i d  n o t  i n t e r f e r e  when u s e d  i n  c o n j u n c t i o n
w i t h  t h e  a p p r o p r i a t e  m ask ing  a g e n t s ;  5 mg o f  Cu"^^ masked w i t h  5 ml o f
0 . 1  M EDTA; 5 mg Fe^^ masked w i t h  15 mg F ; 5 mg Co”*  ^ masked w i t h
10 mg F 1  mg WO4  masked w i t h  10 mg F " .  The s y s t e m  c o u l d  a l s o
t o l e r a t e  500 ug Ru”^ ^ , 250 ug Ir * ^ , 250 ug Ir^ ^ , 500 ug Ag""" and 100 ug o f  
+3Au . C y a n id e  i o n  i n t e r f e r e d  s e v e r e l y  and must  be  a b s e n t .
D. DISCUSSION
I n  t h e  p r e s e n t  w ork ,  a  p r o c e d u r e  was d e v e lo p e d  f o r  t h e  s p e c t r o ­
p h o t o m e t r i c  d e t e r m i n a t i o n  o f  d i v a l e n t  p a l l a d i u m  b a s e d  on t h e  f o r m a t i o n  
o f  an i n t e n s e l y  c o l o u r e d  2 : 1  complex w i t h  2 , 2 '  -  p y r id i lm o n o x i r n e .  T h i s  
complex was e x t r a c t e d  i n t o  c h l o r o f o r m  r e s u l t i n g  i n  a p r o c e d u r e  which  
was f r e e  f rom i n t e r f e r e n c e s .  The method was r a p i d ,  and t h e  c o l o u r e d  
complex  was s t a b l e .  B e e r ' s  Law was obeyed  and t h e r e  w e re  no c r i t i c a l  
p a r a m e t e r s  t o  c o n te n d  w i t h .
T h e r e  a r e  many s p e c t r o p h o t o m e t r i c  m ethods  f o r  p a l l a d i u m  t h a t  
a r e  more s e n s i t i v e  t h a n  t h e  one  d e s c r i b e d  i n  t h i s  d i s s e r t a t i o n  ( 6 0 ) ;  
h o w e v e r ,  t h e y  r e q u i r e  c a r e f u l  a d j u s t m e n t  o f  p a r a m e t e r s  and t h e y  a r e  
n o t  v e r y  s e l e c t i v e .  The m a jo r  a d v a n t a g e  o f  t h e  p r e s e n t  s y s t e m  i s  i t s
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s e l e c t i v i t y .  Ano ther  a d v a n t a g e  o f  t h e  s y s t e m  i s  t h a t  i t  i s  c a r r i e d  o u t  
u n d e r  a c i d i c  c o n d i t i o n s  where  t h e r e  i s  no d a n g e r  o£ t h e  f o r m a t i o n  o f  
h y d r o x i d e s  and h y d r a t e d  o x i d e s .  These  two f e a t u r e s  s h o u l d  make t h e  
method i d e a l  f o r  t h e  a n a l y s i s  o f  t r a c e  amounts  o f  p a l l a d i u m  i n  o r e s ,  
a l l o y s  and o t h e r  s u b s t a n c e s .
E. SUMMARY AND CONCLUSIONS
The s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  p a l l a d i u m  d e s c r i b e d  i n  
t h i s  d i s s e r t a t i o n  i n v o l v e d  t h e  e x t r a c t i o n  o f  t h e  p a l l a d i u m  -  2 , 2 ' - 
p y r id i lm o n o x i r n e  complex from an aqueous  s o l u t i o n  o f  pH 0 . 5  - 2 . 0  i n t o  
c h l o r o f o r m  and s u b s e q u e n t  m easu rem en t  o f  t h e  o r g a n i c  e x t r a c t  a t  416 nm.
A 17o W/V s o l u t i o n  o f  2 , 2 '  -  p y r id i lm o n o x i r n e  i n  0 . 6  M h y d r o c h l o r i c  
a c i d  was u s e d  as t h e  r e a g e n t  s o l u t i o n .
V a r i o u s  p a r a m e t e r s  were  i n v e s t i g a t e d .  The maximum y e l l o w  c o l o u r  
i n t e n s i t y  d e v e lo p e d  be tw een  a pH o f  0 . 5  and 2 . 0 .  A l a r g e  e x c e s s  o f  
r e a g e n t  was u s e d  and no a b s o r p t i o n  due  t o  r e a g e n t  o c c u r r e d  a t  416 nm. 
C h e l a t e  f o r m a t i o n  was c o m p l e t e  i n  10 m i n u t e s  and t h e  c h l o r o f o r m  e x t r a c t s  
w e r e  s t a b l e  f o r  a t  l e a s t  24 h o u r s  when k e p t  i n  t h e  d a r k .  The method 
obeyed  B e e r ' s  Law o v e r  a w ide  c o n c e n t r a t i o n  r a n g e  and p r o v e d  t o  be 
b o t h  p r e c i s e  and a c c u r a t e .  F u r t h e r m o r e ,  an  e x t e n s i v e  f o r e i g n  i o n  
s t u d y  i n d i c a t e d  t h a t  t h e  p r o c e d u r e  i s  w i d e l y  a p p l i c a b l e  and most  m e t a l s  
commonly a s s o c i a t e d  w i t h  p a l l a d i u m  do n o t  i n t e r f e r e .
The p r o c e d u r e  f o r  t h e  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  
palladium with 2,2' - pyridilmonoxirne has been previously published (19).
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CHAPTER IV
SPECTROPHOTOMETRIC DETERMINATION OF COBALT 
WITH 2 , 2 '  -  PYRIDILMONOXIME
A. INTRODUCTION
V a r i o u s  s p e c t r o p h o t o m e t r i c  m ethods  h a v e  b e e n  d e v e lo p e d  f o r  
t h e  d e t e r m i n a t i o n  o f  m ic rog ram  q u a n t i t i e s  o f  c o b a l t .  They h a v e  been  
d e s c r i b e d  and e v a l u a t e d  by S a n d e l l  ( 6 1 ) ,  S n e l l  ( 6 2 ) ,  C h a r i o t  (63)  and 
W i l l i a m s  ( 6 4 ) .  I n  t h e i r  r e v i e w s  o f  l i g h t  a b s o r p t i o n  s p e c t r o m e t r y  B o l t z  
and M el lon  (34 -  37) l i s t e d  t h e  new r e a g e n t s  p r o p o s e d  f o r  t h e  s p e c t r o ­
p h o t o m e t r i c  d e t e r m i n a t i o n  o f  c o b a l t .
Some o f  t h e  m os t  s e n s i t i v e  methods  f o r  c o b a l t  a r e  b a s e d  on i t s  
r e a c t i o n  w i t h  compounds c o n t a i n i n g  t h e  g roup  NO OH t o  g i v e
”  C — G —
s t r o n g l y  c o l o u r e d  c h e l a t e s . I t  i s  g e n e r a l l y  a c c e p t e d  t h a t  r e a g e n t s  
o f  t h i s  t y p e  from com plexes  w i t h  t r i v a l e n t  c o b a l t ,  t h e  r e a g e n t  a l s o  
s e r v i n g  as o x i d i z i n g  a g e n t .  A p e c u l i a r i t y  o f  a l l  t h e  r e a g e n t s  w i t h  
t h i s  g r o u p i n g  i s  t h a t  t h e y  r e a c t  q u a n t i t a t i v e l y  w i t h  c o b a l t  i n  w eak ly  
a c i d i c  o r  n e u t r a l  s o l u t i o n  b u t ,  once  fo rm e d ,  t h e  c h e l a t e  i s  n o t  
a p p r e c i a b l y  d i s s o c i a t e d  by s t r o n g  a c i d s .  The two main  r e a g e n t s  b e l o n g i n g  
t o  t h i s  c l a s s  a r e  1  -  n i t r o s o  - 2  n a p h t h o l  and sod iu m  1  -  n i t r o s o  - 
2 -  h y d r o x y n a p h t h e l e n e  - 3 , 6  -  d i s u l p h o n a t e  ( n i t r o s o  - R s a l t ) .
The n i t r o s o  - R s a l t  method (65) i s  e x t r e m e l y  s e n s i t i v e  and 
h a s  found w ide  a p p l i c a t i o n  i n  t h e  d e t e r m i n a t i o n  o f  m ic rog ra m  amounts  
o f  c o b a l t  i n  both  b i o l o g i c a l  ( 66 ,  67) and i n o r g a n i c  m a t r i c i e s  ( 6 8  - 7 0 ) .  
Methods i n v o l v i n g  t h e  u s e  o f  1 - n i t r o s o  - 2 n a p h t h o l  ( 7 1 ,7 2 )  a r e  l e s s
57
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s e n s i t i v e  t h a n  t h o s e  em ploy ing  t h e  n i t r o s o  - R s a l t ;  h o w e v e r ,
1  -  n i t r o s o  - 2  -  n a p h t h o l  forms a n e u t r a l  c h e l a t e  w i t h  c o b a l t  which  
c a n  be  e x t r a c t e d  i n t o  an o r g a n i c  s o l v e n t  and h e n c e  g r e a t e r  amounts  o f  
i r o n ,  n i c k e l  and c o p p e r  can  be  t o l e r a t e d .
Some o f  t h e  r e c e n t  r e a g e n t s  p r o p o s e d  f o r  t h e  s p e c t r o p h o t o m e t r i c  
d e t e r m i n a t i o n  o f  c o b a l t  i n c l u d e  b e n z i l  mono - (2 - p y r i d y l )  h y d r a z o n e  
( 7 3 ) ,  s u c c i n i m i d e  (74)  and 4 - (2 - t r i a z o l y l a z o )  r e s o r c i n o l  ( 7 5 ) .
I n  t h e  p r e s e n t  w o rk ,  2 , 2 '  -  p y r id i lm o n o x i r n e  was p r o p o s e d  as  a 
new s p e c t r o p h o t o m e t r i c  r e a g e n t  f o r  t h e  d e t e r m i n a t i o n  o f  m ic rog ram  
q u a n t i t i e s  o f  c o b a l t .  The r e a g e n t  r e a c t e d  w i t h  c o b a l t  t o  fo rm  an 
i n t e n s e l y  c o l o u r e d  w a t e r - s o l u b l e  c h e l a t e  wh ich  was e a s i l y  e x t r a c t a b l e  
i n t o  c h l o r o f o r m .
S t u d i e s  w e re  u n d e r t a k e n  t o  d e t e r m i n e  such  f a c t o r s  as opt imum 
c o n c e n t r a t i o n  o f  r e a g e n t ,  e f f e c t  o f  t i m e ,  i n f l u e n c e  o f  pH on complex 
f o r m a t i o n  and e x t r a c t i o n ,  c h o i c e  o f  s o l v e n t ,  e f f e c t  o f  d i v e r s e  ions  
and p r e c i s i o n  and a c c u r a c y .  A p r o c e d u r e  was d e v e l o p e d  f o r  t h e  s p e c t r o ­
p h o t o m e t r i c  d e t e r m i n a t i o n  o f  c o b a l t .
B. EXPERIMENTAL
1) I n s t r u m e n t s
A H i t a c h i  P e r k i n  -  Elmer  Model - 139 s p e c t r o p h o t o m e t e r ,  a 
Beckman DB s p e c t r o p h o t o m e t e r  e q u ip p e d  w i t h  a S a r g e n t  Model - SRL 
r e c o r d e r  and 1 . 0 0 -cm s i l i c a  c e l l s  w e re  u s e d  f o r  t h e  s p e c t r o p h o t o m e t r i c  
m e a s u r e m e n t s .  A S a r g e n t  Model - LS pH m e t e r  was u s e d  f o r  pH m e a s u r e ­
ments  .
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2) R e a g e n t s
S t a n d a r d  c o b a l t  s o l u t i o n :  A s t o c k  s o l u t i o n  was p r e p a r e d  by
d i s s o l v i n g  u l t r a  - p u r e  c o b a l t  m e t a l  ( R e s e a r c h  I n o r g a n i c  Chemica l  
C o r p . ,  Sun V a l l e y ,  C a l i f o r n i a )  i n  aqua  r e g i a ,  e v a p o r a t i n g  t o  n e a r  
d r y n e s s  and d i l u t i n g  to  1 l i t e r  w i t h  d o u b ly  d i s t i l l e d  w a t e r .  T h i s  was 
f u r t h e r  d i l u t e d  t o  g i v e  a  s t a n d a r d  c o b a l t  s o l u t i o n  o f  8 . 8 6  ug /  m l .  
R e a g e n t  s o l u t i o n ;  A 1% W/V s o l u t i o n  i n  95% e t h a n o l  was u s e d .  Th is  
s o l u t i o n  was s t a b l e  f o r  a t  l e a s t  one m on th .  D i v e r s e  c a t i o n  s o l u t i o n s ;  
R e a g e n t  g r a d e  c h l o r i d e  o r  n i t r a t e  s a l t s  were  u s e d .  A r s e n i c ,  molybdenum, 
r h e n i u m  and s e l e n i u m  s o l u t i o n s  were  p r e p a r e d  from t h e  c o r r e s p o n d i n g  
o x i d e s .
D i v e r s e  a n io n  s o l u t i o n s  : These  were  p r e p a r e d  from r e a g e n t
g r a d e  sod ium o r  p o t a s s i u m  s a l t s .  C h lo ro fo rm ;  ACS g r a d e  was u s e d .
3) Recommended P r o c e d u r e
Take an a l i q u o t  o f  sam ple  c o n t a i n i n g  9 -90  ug o f  c o b a l t  and p l a c e  
i t  i n  a 100-ml b e a k e r .  Add 5 ml o f  r e a g e n t  s o l u t i o n  and a d j u s t  t h e  pH 
t o  5 by t h e  a d d i t i o n  o f  a few d r o p s  o f  d i l u t e  h y d r o c h l o r i c  a c i d  o r  
p o t a s s i u m  h y d r o x i d e  s o l u t i o n .  Allow t h e  c o l o u r  t o  d e v e l o p  f o r  5 
m i n u t e s  and t r a n s f e r  t h e  s o l u t i o n  t o  a 60-ml s e p a r a t o r y  f u n n e l .  E x t r a c t  
t h e  c h e l a t e  w i t h  t h r e e  5-ml p o r t i o n s  o f  c h l o r o f o r m .  The f u n n e l  s tem  
c o n t a i n e d  a p l u g  o f  g l a s s  wool  t o  remove t r a c e s  o f  w a t e r .  The e x t r a c t s  
were  added to  25-ml g l a s s - s t o p p e r e d  g r a d u a t e d  c y l i n d e r s .  Make up to  
volume w i t h  c h l o r o f o r m  and m e a s u r e  t h e  a b s o r b a n c e  a t  408 nm a g a i n s t  
a r e a g e n t  b l a n k  p r e p a r e d  i n  a s i m i l a r  m anne r .  The amount  o f  c o b a l t  i s  
d e t e r m i n e d  from a p r e v i o u s l y  p r e p a r e d  c a l i b r a t i o n  c u r v e .
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C. RESULTS
1) E f f e c t  o f  pH
The optimum pH range, for chelate formation and extraction was
4 . 5  - 7 . 0  (T ab le IX) .
2) A b s o r p t i o n  S p e c t r a
The a b s o r p t i o n  s p e c t r a  o f  t h e  p u r e  c o b a l t  c h e l a t e  and t h e  r e a g e n t
b l a n k  a r e  p r e s e n t e d  i n  F i g .  10.  The c o b a l t  c h e l a t e  h a s  a b s o r p t i o n
maxima a t  4 0 8 ,  300 and 268 nm. T he re  was s l i g h t  a b s o r p t i o n  due  t o
r e a g e n t  a t  408 nm . and a l l  a n a l y t i c a l  m easu rem en ts  were  made a t  t h i s
4
w a v e l e n g t h .  The m o la r  a b s o r p t i v i t y  a t  408 nm was 1 .7  x  10 .
3) E f f e c t  o f  Reagen t  C o n c e n t r a t i o n
A l a r g e  e x c e s s  o f  r e a g e n t  was r e q u i r e d  f o r  s a t i s f a c t o r y  r e s u l t s .  
F i v e  ml o f  r e a g e n t  s o l u t i o n  w e r e  s u f f i c i e n t  o v e r  t h e  c o n c e n t r a t i o n  
r a n g e  9 - 9 0  ug o f  c o b a l t .
4) E f f e c t  o f  Time
C h e l a t e  f o r m a t i o n  was c o m p l e t e  i n  5 m i n u t e s . The c h l o r o f o r m  
e x t r a c t s  w e re  s t a b l e  f o r  a t  l e a s t  2  d a y s .
5) E f f e c t  o f  S o l v e n t s
Us ing  t h e  recommended p r o c e d u r e  t h e  c h e l a t e  was c o m p l e t e l y  
e x t r a c t e d  i n t o  c h l o r o f o r m ,  m e t h y l e n e  c h l o r i d e  and e t h y l e n e  d i c h l o r i d e  
and p a r t i a l l y  e x t r a c t e d  i n t o  b e n z e n e ,  e t h y l  a c e t a t e ,  amyl a l c o h o l  and 
c a r b o n  t e t r a c h l o r i d e .
6) Conformity to Beer's Law
A B e e r ' s  Law p l o t  a t  t h e  a b s o r p t i o n  maximum o f  408 nm was found  
t o  be  l i n e a r  o v e r  t h e  r a n g e  0 . 4  - 4 . 0  ppm as  i l l u s t r a t e d  from t h e  d a t a  
i n  T a b l e  X and F i g .  11.
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TABLE IX
EFFECT OF pH ON CHELATE FORMATION 
AND EXTRACTION ( 1 . 7 7  ppm C o b a lt)
pH A bso rance  Of
O r g a n ic  E x t r a c t
1 .5 0 . 446
2 .0 0 .4 8 5
3 .0 0 .5 1 0
4 . 0 0 .5 1 2
4 .5 0 .5 3 0
5 .0 0 .5 2 5
6 . 0 0 .5 2 5
7 . 0 0 .5 3 0
8 .0 0 .5 0 2
1 0 .0 0 .4 8 5
1 1 . 0 0 .4 7 5
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F i g u r e  10.  A b s o r p t i o n  s p e c t r u m  o f  t h e  p u r e  c o b a l t  
c h e l a t e  i n  c h l o r o f o r m .
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FIGURE 10
LU
Uz<
CO
flC
O«/)
CO
<
0-8
0 7
0 6
0-4
0 3
0 2
400280 320 360 440 480
WAVELENGTH nm
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
A/,
TABLE X
BEER'S LAW DATA FOR THE SPECTROPHOTOMETRIC 
DETERMINATION OF COBALT WITH 2 , 2 '  -  PYRIDILMONOXIME
Sample C o b a l t  C o n c e n t r a t i o n  
ppm
A bsorbance
1 0 . 1 8 0 .0 4 1
2 0 . 3 5 0 .0 9 8
3 0 . 7 1 0 .1 9 9
4 1 .0 6 0 . 3 0 0
5 1 .42 0 .3 9 9
6 1 .7 7 0 .5 0 2
7 2 . 1 3 0 . 6 0 4
8 2 .4 8 0 .6 9 8
9 2 . 8 4 0 .8 0 9
1 0 3 .1 9 0 .9 0 2
1 1 3 . 5 4 0 .9 9 8
1 2 3 . 9 0 1 .0 9 8
13 4 . 2 5 1 .2 0 4
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F i g u r e  11. B e e r ' s  Law p l o t  f o r  t h e  d e t e r m i n a t i o n  o f  
c o b a l t  w i t h  2 , 2 ' -  p y r i d i l m o n o x i m e .
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FIGURE 11
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7) Optimum C o n c e n t r a t i o n  Range and S e n s i t i v i t y  o f  t h e  Method
The optimum c o n c e n t r a t i o n  r a n g e  e v a l u a t e d  by Rin gbom 's  method 
was 0 . 7  -  2 . 8  ppm (T a b le  XI and F i g .  1 2 ) .  The m o la r  a b s o r p t i v i t y  a t  
408 nm was 1 .7  x 10^ and t h e  S a n d e l l  s e n s i t i v i t y  was .0035 ug cm~^,
8 ) P r e c i s i o n  and Accuracy
The p r e c i s i o n  and a c c u r a c y  o f  t h e  method  was s t u d i e d  by a n a l y z i n g  
s o l u t i o n s  c o n t a i n i n g  known amounts o f  c o b a l t .  The r e s u l t s  a r e  summarized  
i n  T a b l e  X I I .
9) E f f e c t  o f  D i v e r s e  Ions
F i v e  mg o f  a d i v e r s e  i o n  w e re  added t o  a 100-ml b e a k e r  c o n t a i n i n g  
4 4 . 3  ug o f  c o b a l t  and t h e  recommended g e n e r a l  p r o c e d u r e  was f o l l o w e d .
An e r r o r  o f  TL i n  t h e  a b s o r b a n c e  r e a d i n g  was c o n s i d e r e d  t o l e r a b l e .  The 
f o l l o w i n g  i o n s  d i d  n o t  i n t e r f e r e ;  L i ”*", K*", Na"*", I  , NO g , Br  , Cl  ,
F ' ,  SO4-2, CIO3-, CIO4-, PO43 NH4+, Mg+2 , Sr+2 , Hg+2 , Zn+4 ,
T1+, Pb+2, Se+ 4 , B i^ ^ , Ce+^, Ga+^, Nb+5, ZrO+2. Two mg o f
*4~3 ■f'A' -j-2Sn , A1 , Th and Ba c o u l d  be  t o l e r a t e d .  A t o l e r a n c e  l i m i t  o f
1  mg was found  f o r  t h e  f o l l o w i n g  i o n s :  Cd^^ ,  Ca"*" ,^ T e ^ ^ ,  Ti"*"^,
Zr and VO3 " ,  F i v e  mg o f  Fe w e r e  masked w i t h  5 ml o f  10% sodium
p y r o p h o s p h a t e  and 1  mg o f  was masked w i t h  2  ml o f  1 0 % sodium
p y r o p h o s p h a t e .  The s y s t e m  c o u l d  a l s o  t o l e r a t e  500 ug Ag"*", As"*" ,^ Sb^^ ,
I n  and 100 ug o f  Rh"*" ,^ I r  , Mo and Be**" .^ The i n t e r f e r e n c e s  due  to  
+  +2 +3
Cu , Cu and Au were  e l i m i n a t e d  by p r i o r  e x t r a c t i o n s  w i t h  d i t h i z o n e .
At a  pH o f  2 , 1  mg o f  ea ch  o f  t h e  i o n s  was q u a n t i t a t i v e l y  e x t r a c t e d  by 
t h r e e  20-ml p o r t i o n s  o f  10 ^ M d i t h i z o n e  i n  c h l o r o f o r m .  One mg o f  
n i c k e l  was masked w i t h  3 ml o f  10% sod iu m  c i t r a t e .  One mg o f  CN" d i d
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TABLE X I
KINGDOM DATA FOR THE DETERMINATION OF 
COBALT WITH 2 . 2 '  -  PYRIDILMONOXIME
C o n c e n t r a t i o n  Log c A b s o r p t a n c y
ppm 100 - % T
0 . 1 8 - 0 . 7 4 5 8 . 9
0 . 3 5 - 0 . 4 5 6 2 0 . 0
0 . 7 1 - 0 . 1 4 9 3 6 .8
1 .0 6 0 .0 2 5 4 9 . 8
1 .42 0 .1 5 2 6 0 .1
1 .77 0 .2 4 8 6 8 . 4
2 .1 3 0 .3 2 8 7 5 .2
2 . 4 8 0 .3 9 5 8 0 . 0
2 . 8 4 0 .4 5 3 8 4 .5
3 .1 9 0 .5 0 4 8 7 .5
3 . 5 4 0 . 5 4 9 8 9 . 9
3 .9 0 0 .5 9 1 9 2 .0
4 .2 5 0 . 6 2 8 9 3 .8
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F i g u r a  12.  Ringbom p l o t  f o r  t h e  d e t e r m i n a t i o n  o f  
c o b a l t  w i t h  2 , 2 ' - p y r i d i l m o n o x i m e .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
70
FIGURE 12
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TABLE X II  
PRECISION AND ACCURACY
C o b a l t  C o b a l t  *  R e l a t i v e  S t a n d a r d  Range ,  ppm
T a k e n ,  ppm Found ,  ppm E r r o r ,  % D e v i a t i o n ,  ppm
0 . 7 1  0 .7 2  + 1 . 4 0  0 . 0 1  0 .0 1
1.42 1.42 0 .0 0  0 .01  0 .03
2 .8 4  2 .84  0 .00  0 .02  0 .04
* Each r e s u l t  i s  t h e  a v e r a g e  o f  e i g h t  s e p a r a t e  a n a l y s e s .
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n o t  d e s t r o y  t h e  c o b a l t  c h e l a t e  and t h i s  f a c t  was u s e d  t o  e l i m i n a t e
+2  +2t h e  i n t e r f e r e n c e  due  t o  Pd and P t  . A f t e r  t h e  c o b a l t  c h e l a t e  was
d e v e l o p e d ,  1 mg o f  CN was a d d e d .  Th i s  d e s t r o y e d  t h e  p a l l a d i u m  and
p l a t i n u m  c o m p le x e s ,  l i re  c o b a l t  c h e l a t e  was t h e n  e x t r a c t e d .  The
+2 +3 +3f o l l o w i n g  i o n s  i n t e r f e r e d ;  Sn , Cr , Ru , EDTA and l a r g e  amounts  
o f  CN" .
D. DISCUSSION
I n  t h e  p r e s e n t  w ork ,  2 , 2 '  -  p y r id i lm o n o x im e  h a s  b e e n  a p p l i e d  t o  
t h e  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  c o b a l t .  The p r o c e d u r e  has  t h e  
a d v a n t a g e s  o f  s e n s i t i v i t y ,  s i m p l i c i t y ,  r a p i d i t y  and a  t o l e r a n c e  t o  
many f o r e i g n  i o n s .  The u s e  o f  m as k in g  a g e n t s  and p r i o r  s o l v e n t  
e x t r a c t i o n  t o  remove i n t e r f e r e n c e s  h a s  g r e a t l y  i n c r e a s e d  t h e  s e l e c t i v i t y  
o f  t h e  m e th o d .  The m e t a l s  commonly a s s o c i a t e d  w i t h  c o b a l t  e i t h e r  do 
n o t  i n t e r f e r e  o r  can  be  e a s i l y  masked o r  s e p a r a t e d .
A n a l y s i s  o f  t h e  c o b a l t  c h e l a t e  i n d i c a t e d  t h a t  t h e  c o b a l t  was i n  
t h e  t r i v a l e n t  s t a t e .  The c o b a l t  was p r o b a b l y  o x i d i z e d  t o  t h e  t r i v a l e n t  
s t a t e  by d i s s o l v e d  oxygen .  F u r t h e r m o r e ,  t h a t  c o b a l t  e x i s t s  i n  t h e  
t r i v a l e n t  s t a t e  i s  s u p p o r t e d  by t h e  s t a b i l i t y  o f  t h e  c h e l a t e  i n  s t r o n g  
a c i d  s o l u t i o n s ,  a c h a r a c t e r i s t i c  o f  d^ s p i n - p a i r e d  complexes  ( 7 6 ) .
E. SUMMARY AND CONCLUSIONS
The s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  c o b a l t  i n v o l v e d  t h e  
e x t r a c t i o n  o f  9 - 90 ug o f  c o b a l t  as  a 3 : 1  c h e l a t e  w i t h  2 , 2 '  - p y r i d i l ­
monoxime. The c h l o r o f o r m  e x t r a c t i o n  was p e r f o r m e d  from an aqueous 
s o l u t i o n  o f  pH 4 . 5  -  7 . 0 .  The a b s o r b a n c e  o f  t h e  c h l o r o f o r m  e x t r a c t  
was m ea s u red  a t  408 nm , t h e  w a v e l e n g t h  o f  maximum a b s o r p t i o n  o f  t h e
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complex and a t  t h i s  w a v e l e n g t h  t h e r e  was n e g l i g i b l e  a b s o r p t i o n  due t o  
t h e  e x c e s s  r e a g e n t .  The amount o f  c o b a l t  was c a l c u l a t e d  f rom a 
p r e v i o u s l y  p r e p a r e d  c a l i b r a t i o n  c u r v e .
V a r i o u s  p a r a m e t e r s  suc h  as  i n f l u e n c e  o f  pH on complex f o r m a t i o n  
and e x t r a c t i o n ,  e f f e c t  o f  r e a g e n t ,  e f f e c t  o f  t i m e ,  c h o i c e  o f  s o l v e n t ,  
a p p l i c a b i l i t y  o f  B e e r ' s  Law and f o r e i g n  io n s  were  s t u d i e d .  The 
opt imum c o n c e n t r a t i o n  r a n g e  was 0 . 7  - 2 . 8  ppm. D e t e r m i n a t i o n  o f  known 
amounts  o f  c o b a l t  showed t h e  p r o c e d u r e  t o  b e  b o t h  a c c u r a t e  and p r e c i s e .  
An e x t e n s i v e  f o r e i g n  i o n  s t u d y  showed t h e  p r o c e d u r e  t o  b e  w i d e l y  
a p p l i c a b l e .
The p r o c e d u r e  f o r  t h e  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  c o b a l t  
w i t h  2 , 2 ' -  p y r id i lm o n o x im e  h a s  b e e n  p r e v i o u s l y  p u b l i s h e d  ( 2 0 ) .
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CHAPTER V 
SUMMARY AND CONCLUSIONS
The r e a g e n t  2 , 2 '  - p y r i d i l m o n o x i m e  h a s  b e e n  s y n t h e s i z e d  and 
c h a r a c t e r i z e d .  On t h e  b a s i s  o f  s p e c t r a l  e v i d e n c e  i t  h a s  b e e n  a s s i g n e d  
t h e  a  c o n f i g u r a t i o n .  The r e a g e n t  was found  to  be  v e r y  s p e c i f i c  and 
s e n s i t i v e  f o r  p a l l a d i u m  and c o b a l t  and p r o c e d u r e s  were  d e v e lo p e d  f o r  
t h e  d e t e r m i n a t i o n  o f  t h e s e  two m e t a l s .
The v a r i o u s  p a r a m e t e r s  s t u d i e d  i n c l u d e d  t h e  f o l l o w i n g :  e f f e c t  
o f  pH, e f f e c t  o f  r e a g e n t  c o n c e n t r a t i o n ,  e f f e c t  o f  t i m e ,  e f f e c t  o f  
d i v e r s e  i o n s ,  a p p l i c a b i l i t y  o f  B e e r ’ s Law and t h e  e f f e c t  o f  s o l v e n t s .
B e cause  o f  t h e  s e n s i t i v i t y  and s p e c i f i c i t y  o f  t h e  two p r o c e d u r e s  
d e v e lo p e d  f o r  p a l l a d i u m  and c o b a l t ,  t h e y  s h o u l d  f i n d  w ide  a p p l i c a b i l i t y  
i n  t h e  a n a l y s i s  o f  a wide  v a r i e t y  o f  m a t e r i a l s .
74
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PART I I
THE ANALYTICAL APPLICATIONS OF 
2 , 2 '  -  DIQUINOLYL KETOXIME
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CHAPTER I  
INTRODUCTION
O r g a n ic  r e a g e n t s ,  no m a t t e r  w ha t  t h e  t y p e ,  show more o r  l e s s  
s e l e c t i v i t y ,  b u t  r a r e l y  t r u e  s p e c i f i c i t y .  The s e l e c t i v i t y  o f  c h e l a t e -  
f o rm in g  r e a g e n t s  v a r i e s  w i t h  t h e  r e a c t i v e  g roup  i n  t h e  m o l e c u l e .  Most  
o r g a n i c  r e a g e n t s  w i t h  a g i v e n  r e a c t i v e  g roup  i n  t h e  m o l e c u l e  w i l l  form 
complexes  o f  s i m i l a r  p r o p e r t i e s  w i t h  a number o f  e l e m e n t s ,  p a r t i c u l a r l y  
t h o s e  c l o s e l y  r e l a t e d  i n  c h e m i c a l  p r o p e r t i e s .  A few o r g a n i c  r e a g e n t s  
show a u n i q u e  b e h a v i o u r  by r e a c t i n g  ( i n  t h e  l i m i t i n g  c a s e )  w i t h  o n l y  
one e l e m e n t .
I n  c h o o s i n g  an a n a l y t i c a l  method f o r  t r a c e  a n a l y s i s ,  s e n s i t i v i t y  
and s p e c i f i c i t y  a r e  t h e  two most  i m p o r t a n t  c h a r a c t e r i s t i c s  t o  c o n s i d e r .  
I n c r e a s i n g  t h e  s e n s i t i v i t y  o f  a  p a r t i c u l a r  r e a g e n t  i s  b e s t  a c h i e v e d  by 
i n c r e a s i n g  t h e  number o f  c h r o m o p h o r e s . The r e a l i z a t i o n  t h a t  t h e  
s e l e c t i v e  a c t i o n  o f  many o r g a n i c  compounds can  be  a s c r i b e d  t o  t h e  
p r e s e n c e  o f  p a r t i c u l a r  a to m ic  g r o u p i n g s  i n t r o d u c e s  t h e  p o s s i b i l i t y  o f  
" t a i l o r i n g "  such  m o l e c u l e s  t o  i n c r e a s e  t h e i r  u t i l i t y  i n  c h e m i c a l  a n a l y s i s  
For  e x a m p le ,  t h e  i n t r o d u c t i o n  o f  v a r i o u s  g ro u p s  can  p r e v e n t  t h e  r e a c t i o n  
w i t h  some m e t a l s  and n o t  w i t h  o t h e r s  and h e n c e  make t h e  r e a g e n t  more 
s p e c i f i c .  The d e v e lopm en t  o f  " t a i l o r - m a d e "  o r g a n i c  r e a g e n t s  i s  r e a d i l y  
s e e n  i n  t h e  a n a lo g u e s  o f  1 , 1 0  -  p h e n a n t h r o l i n e .
One o f  t h e  most  i m p o r t a n t  c l a s s  o f  o r g a n i c  r e a g e n t s  c o n t a i n s  t h e  
a to m ic  g r o u p in g  - N = C - C = N -  . Chromogens c o n t a i n i n g  t h i s  a to m ic  
g r o u p i n g  a r e  commonly r e f e r r e d  t o  as  f e r r o i n  r e a g e n t s .  T h i s  c l a s s  o f
76
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r e a g e n t s  forms complexes  w i t h  i o n s  o f  th é  t r a n s i t i o n  m e t a l s  and w i t h  
+ +2 +2Cu , Zn and Cd . 1 ,1 0  -  P h e n a n t h r o l i n e  i s  p e r h a p s  t h e  b e s t  known
f e r r o i n  r e a g e n t .
Tlie e f f e c t  o f  s u b s t i t u e n t s  i n  t h e  a r o m a t i c  r i n g  s y s te m s  o f  1 ,1 0  ■ 
p h e n a n t h r o l i n e  h a v e  been  s t u d i e d  i n t e n s i v e l y  w i t h  a v i e w  o f  i n c r e a s i n g  
t h e  s e n s i t i v i t y  and s e l e c t i v i t y .  I n  t h e  p h e n a n t h r o l i n e  complexes  o f  
F e ( I I )  and C u ( I ) , i t  was found t h a t :  (a)  a lm o s t  any s u b s t i t u e n t ,  
i n c l u d i n g  CHg, C^Hg, Cl , and NO2 , w i l l  r a i s e  t h e  m o la r  a b s o r b a n c e ;
(b)  t h e  e f f e c t  o f  t h e  s u b s t i t u e n t s  CH3  and CgH^ i s  much g r e a t e r  i n  t h e  
4 and 7 p o s i t i o n s  t h a n  e l s e w h e r e  i n  t h e  r i n g ;  ( c )  s u b s t i t u t i o n  i n  t h e  
2 and 9 p o s i t i o n s  makes t h e  f e r r o u s  complexes  u n s t a b l e  and h e n c e  makes 
t h e  r e a g e n t s  s p e c i f i c  f o r  C u ( I ) ; (d)  p h e n y l  g ro u p s  r a i s e  t h e  a b s o r b a n c e  
more  t h a n  m e th y l  g roups  (77 -  8 0 ) .  Thus by ad d in g  p a r t i c u l a r  s u b s t i t u ­
e n t s  t o  t h e  p h e n a n t h r o l i n e  n u c l e u s ,  i t  was p o s s i b l e  t o  im prove  t h e  
s e n s i t i v i t y  and s e l e c t i v i t y .  S i m i l a r  r e l a t i o n s h i p s  w e r e  found  w i t h  
2 ,2* - b i p y r i d i n e s  (81)  and 2,2* - b i q u i n o l i n e s  ( 8 2 ) .  On t h e  b a s i s  o f  
t h e s e  r e l a t i o n s h i p s  e x t r e m e l y  s e n s i t i v e  and s e l e c t i v e  r e a g e n t s  h a v e  
b e e n  d e v e lo p e d  f o r  i r o n  (83)  and c o p p e r  ( 8 4 ) .
P y r i d i n e  oximes a r e  a n o t h e r  g roup  o f  i m p o r t a n t  f e r r o i n  r e a g e n t s .  
The a p p l i c a t i o n s  o f  p y r i d i n e  oximes  t o  t h e  a n a l y s i s  o f  t r a c e  amounts  o f  
t r a n s i t i o n  m e t a l s  a r e  num erous .  P he ny l  -  a -  p y r i d y l  k e to x i m e  h a s  b e e n  
u s e d  f o r  t h e  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  p a l l a d i u m  (85)  and 
g o l d  ( 8 6 ) .  Q u i n o l i n e  - 2 - a ld o x im e  h a s  b e e n  u s e d  f o r  t h e  s p e c t r o ­
p h o t o m e t r i c  d e t e r m i n a t i o n  o f  C u ( I )  ( 8 7 ) .  The r e a g e n t  2 ,2*  - d i p y r i d y l
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k e to x i m e  h a s  been  a p p l i e d  t o  t h e  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  
g o l d  ( 8 8 , 8 9 ) ,  p a l l a d i u m  ( 9 0 ) ,  c o b a l t  (91)  and i r o n  ( 9 2 ) .
Methy l  s u b s t i t u t i o n  i n  t h e  6  p o s i t i o n  o f  t h e  p y r i d i n e  r i n g  
r e n d e r s  t h e  p a r t i c u l a r  oxime more s p e c i f i c  f o r  C u ( I ) . T h i s  f a c t  has  
b e e n  u s e d  to  s y n t h e s i z e  a new s p e c t r o p h o t o m e t r i c  r e a g e n t  f o r  C u ( I )  ( 9 3 ) .
I n  t h e  p r e s e n t  w o rk ,  t h e  r e a c t i o n s  o f  m e t a l s  w i t h  2,2* - d i q u i n o l y l  
k e to x i m e  (an  a n a lo g u e  o f  2 , 2 * - d i p y r i d y l  k e to x i m e )  w ere  i n v e s t i g a t e d  
w i t h  a v i e w  o f  a p p l y i n g  t h e  r e a g e n t  t o  t h e  s p e c t r o p h o t o m e t r i c  d e t e r m i n a ­
t i o n  o f  v a r i o u s  m e t a l s .  I t  was hoped t h a t  t h e  e x p a n s i o n  o f  t h e  p y r i d i n e  
n u c l e u s  i n t o  a q u i n o l i n e  n u c l e u s  wou ld  i n c r e a s e  t h e  s e n s i t i v i t y  and 
s e l e c t i v i t y .  The r e a g e n t  formed a n a l y t i c a l l y  u s e f u l  complexes  w i t h  
c o b a l t  and p a l l a d i u m  and s p e c t r o p h o t o m e t r i c  m ethods  w e re  d e v e l o p e d  f o r  
t h e s e  two m e t a l s .
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CHAPTER I I
SYNTHESIS AND PROPERTIES OF 2 , 2 '  - DIQUINOLYL 
KETOXIME AND ITS REACTION WITH METALS
A. INTRODUCTION
The p r e s e n t  s t u d y  i n v o l v e d  t h e  s y n t h e s i s  o f  a new f e r r o i n  
r e a g e n t  and i t s  a p p l i c a t i o n  t o  t h e  a n a l y s i s  o f  t r a c e  amounts  o f  c o b a l t  
and p a l l a d i u m .  The r e a g e n t  was s y n t h e s i z e d  by t h e  r e a c t i o n  o f  2 , 2 '  - 
d i q u i n o l y l k e t o n e  w i t h  h y d r o x y la m in e  h y d r o c h l o r i d e  and i t s  p r o p e r t i e s  
w e re  s t u d i e d .  The r e a c t i o n s  o f  m e t a l s  w i t h  2 , 2 '  -  d i q u i n o l y l  ke to x im e  
w e re  i n v e s t i g a t e d  w i t h  a v i e w  o f  a p p l y i n g  t h e  r e a g e n t  t o  t h e  a n a l y s i s  
o f  t r a c e  amounts  o f  m e t a l s .  The r e a g e n t  was found to  be  h i g h l y  s e l e c t i v e  
and s e n s i t i v e  f o r  p a l l a d i u m  and c o b a l t .
B . EXPERIMENTAL
1) S y n t h e s i s  o f  2 , 2 '  - D i q u i n o l y l  Ketoxime
The s y n t h e t i c  r o u t e  i s  summarized  by t h e  f o l l o w i n g  s e r i e s  o f  
r e a c t i o n s  ;
N ^CH] C l N
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2 , 2 '  -  M e t h y l e n e d i q u i n o l i n e  was p r e p a r e d  u s i n g  m o d i f i c a t i o n s  i n  t h e  
p r o c e d u r e  d e s c r i b e d  by S c h e ib e  ( 9 4 ) .  To 2 8 .6  g ( 0 . 2  m o le )  o f  2 - m e t h y l  - 
q u i n o l i n e  i n  a 500-ml round  b o t to m  f l a s k  e q u ip p e d  w i t h  a  r e f l u x  c o n d e n s e r  
and th e rm o m e te r  was added 1 6 .4  g ( 0 . 1  m o le )  o f  2 - c h l o r o q u i n o l i n e .
The r e s u l t i n g  s o l u t i o n  was s l o w l y  and e v e n l y  h e a t e d  w i t h  a  m i c r o b u r n e r .
At a p p r o x i m a t e l y  245° G t h e  s o l u t i o n  b e g a n  t o  b o i l  and a t  a round  260°C 
a v i g o u r o u s  e x o t h e r m i c  r e a c t i o n  t o o k  p l a c e  w i t h  a r i s e  i n  t e m p e r a t u r e  
t o  a b o u t  290°C.  The m i x t u r e  was c o o l e d  and t o  t h e  r e s u l t i n g  d a r k  r e d  
p a s t e  was added a  s o l u t i o n  o f  6  g o f  p o t a s s i u m  h y d r o x i d e  i n  250 ml o f  
e th a n o l .  A f t e r  h e a t i n g  on a s t e a m  b a t h ,  t h e  p r e c i p i t a t e  o f  p o t a s s i u m  
c h l o r i d e  was f i l t e r e d  and t h e  a l c o h o l  removed u s i n g  a r o t a r y  e v a p o r a t o r .  
The r e s i d u a l  r e d  v i s c o u s  o i l  was s l o w l y  added to  3500 ml o f  b o i l i n g  
p e t r o l e u m  e t h e r  (30 - 60°C b o i l i n g  r a n g e ) . On e v a p o r a t i o n  t o  a p p r o x i ­
m a t e l y  500 ml t h e r e  was o b t a i n e d  1 8 .5  g o f  c r u d e  p r o d u c t  wh ich  on 
r e c r y s t a l l i z a t i o n  from p e t r o l e u m  e t h e r  gave  13 .5  g o f  o r a n g e - r e d  c r y s t a l s ,  
m .p .  101 -  103°C.  A n a l y s i s  c a l c u l a t e d  f o r  CqgHq4 N2 : C , 84.42%; H, 5.22%;
N, 10.36%. Found: C, 84.37%; H, 5.24%; N, 10.36%.
The 2 , 2 '  - m e t h y l e n e d i q u i n o l i n e  was o x i d i z e d  t o  2 , 2 '  -  d i q u i n o l y l ­
k e t o n e  u s i n g  t h e  p r o c e d u r e  o f  Hamana and Yamazaki  ( 9 5 ) .
To 5 . 0  g o f  2 , 2 '  -  d i q u i n o l y l k e t o n e  d i s s o l v e d  i n  200 ml o f  h o t
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e t h a n o l  was added a  s o l u t i o n  o f  5 g o f  h y d r o x y la m in e  h y d r o c h l o r i d e  and 
8  g o f  p o t a s s i u m  h y d r o x i d e  i n  100 ml o f  w a t e r .  The m i x t u r e  was h e a t e d  
w i t h  s t i r r i n g  f o r  1 0  m i n u t e s ,  c o o l e d  and n e u t r a l i z e d  by d r o p w i s e  
a d d i t i o n  o f  3M h y d r o c h l o r i c  a c i d .  The r e s u l t i n g  oxime was f i l t e r e d  and 
r e c r y s t a l l i z e d  from 500 ml o f  b e n z e n e .  The y i e l d  was 5 . 0  g o f  f i n e  
w h i t e  c r y s t a l s ,  m .p .  207 - 208°C.  A n a l y s i s  c a l c u l a t e d  f o r  C^gH^gNgO:
C, 76.24%; H, 4.38%; N, 14.04% . Found: C , 76.08%; H, 4.31%; N, 14.04% . 
C a r b o n ,  h y d ro g en  and n i t r o g e n  a n a l y s e s  w e re  done  by Midwest  M i c r o l a b  
I n c . ,  I n d i a n a p o l i s ,  I n d i a n a .
2) A p p a r a tu s
N u c l e a r  M a gne t i c  Resonance  s p e c t r a  were  o b t a i n e d ,  u s i n g  5% W/V 
s o l u t i o n s  i n  d e u t e r a t e d  d i m e t h y l s u f l o x i d e  w i t h  TMS as t h e  i n t e r n a l  
s t a n d a r d ,  on a JNM -  C - 60 HL s p e c t r o m e t e r .  I n f r a r e d  s p e c t r a  were 
o b t a i n e d  w i t h  a Beckman IR-12  u s i n g  1% p o t a s s i u m  bromide  d i s c s .  U l t r a ­
v i o l e t  s p e c t r a  were  o b t a i n e d  w i t h  a Beckman DB s p e c t r o p h o t o m e t e r  e q u ip p e d  
w i t h  a  S a r g e n t  SRL r e c o r d e r .  M e l t i n g  p o i n t s  were  o b t a i n e d  w i t h  a F i s h e r  ■ 
Johns  M e l t i n g  P o i n t  A p p a r a t u s .  A S a r g e n t  Model - DR pH m e t e r  was u s e d  
f o r  pH m e a s u r e m e n t s .
3) C hem ica ls
2 -  C h l o r o q u i n o l i n e  and 2 -  m e t h y l q u i n o l i n e  were  o b t a i n e d  from 
A l d r i c h  Chemica l  Company. H ydroxy lam ine  H y d r o c h l o r i d e ,  a n a l y t i c a l  
r e a g e n t  g r a d e  from M a l l i n c r o d t  Chemica l  Works.  C h l o r o f o r m ,  b e n z e n e ,  
p e t  e t h e r  and e t h a n o l ,  A .C .S .  g r a d e s  w e re  u s e d .
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4)  R e a g e n t  S o l u t i o n
A 0.10% W/V s o l u t i o n  i n  95% e t h a n o l  was u s e d .
5) S t a n d a r d  S o l u t i o n s
A s t o c k  s o l u t i o n  o f  p a l l a d i u m  was p r e p a r e d  by d i s s o l v i n g  u l t r a -  
p u r e  p a l l a d i u m  w i r e  ( A l f a  I n o r g a n i c s ,  B e v e r l y ,  M a s s a c h u s e t t s )  i n  aqua  
r e g i a  and d i l u t i n g  to  vo lume w i t h  d i s t i l l e d  w a t e r .  A s t o c k  s o l u t i o n  o f  
c o p p e r  was p r e p a r e d  by d i s s o l v i n g  u l t r a - p u r e  c o p p e r  m e t a l  ( R e s ea rc h  
I n o r g a n i c  Chemica l  C o r p . ,  Sun V a l l e y ,  C a l i f o r n i a )  i n  1 :1  n i t r i c  a c i d ,  
e v a p o r a t i n g  t o  a s m a l l  v o lum e ,  a d d in g  2 0  ml o f  1 : 1  h y d r o c h l o r i c  a c i d  
and d i l u t i n g  t o  volume w i t h  d i s t i l l e d  w a t e r .  A s t o c k  s o l u t i o n  o f  g o ld  
was p r e p a r e d  by d i s s o l v i n g  HAuCl^ • SHgO ( F i s h e r  S c i e n t i f i c )  i n  d i s t i l l e d  
w a t e r  and s t a n d a r d i z i n g  w i t h  h y d r o q u i n o n e  (22)  . A s t o c k  s o l u t i o n  o f  
i r o n  was p r e p a r e d  by d i s s o l v i n g  p u r e  i r o n  w i r e  ( F i s h e r  S c i e n t i f i c )  i n  
1 :1  h y d r o c h l o r i c  a c i d  and d i l u t i n g  to  vo lume w i t h  d i s t i l l e d  w a t e r .  A 
s t o c k  s o l u t i o n  o f  n i c k e l  was p r e p a r e d  by d i s s o l v i n g  p u r e  n i c k e l  powder 
i n  1 :1  n i t r i c  a c i d  and d i l u t i n g  t o  vo lume w i t h  d i s t i l l e d  w a t e r .  A s t o c k
s o l u t i o n  o f  c o b a l t  was p r e p a r e d  by d i s s o l v i n g  u l t r a - p u r e  c o b a l t  m e t a l
( R e s e a r c h  I n o r g a n i c  Chemica l  C o r p . ,  Sun V a l l e y ,  C a l i f o r n i a )  i n  aqua  r e g i a ,  
e v a p o r a t i n g  t o  n e a r  d r y n e s s  and d i l u t i n g  t o  vo lume  w i t h  d i s t i l l e d  w a t e r .
S t a n d a r d  s o l u t i o n s  o f  a l l  o f  t h e  m e t a l s  were  p r e p a r e d  by 
a p p r o p r i a t e  d i l u t i o n s  o f  t h e  s t o c k  s o l u t i o n s .
6 ) P r o c e d u r e  Fo r  t h e  S tudy  o f  t h e  R e a c t i o n s  o f  M e t a l s  w i t h  
2 , 2 '  -  D i q u i n o l y l  Ketoxime
An a l i q u o t  o f  t h e  m e t a l  i o n  was t r a n s f e r r e d  t o  a  50-ml b e a k e r .
To t h e  a c i d i f i e d  s o l u t i o n  was added 1 ml o f  r e a g e n t  s o l u t i o n .  The pH
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was a d j u s t e d  w i t h  d i l u t e  p o t a s s i u m  h y d r o x i d e  o r  h y d r o c h l o r i c  a c i d .  Tlie 
complex  was a l l o w e d  t o  d e v e lo p  f o r  1 0  m i n u t e s  and t h e n  e x t r a c t e d  i n t o  
c h l o r o f o r m  o r  b e n z e n e .  The o r g a n i c  e x t r a c t s  were  d i l u t e d  t o  2 5 . 0  ml 
i n  g l a s s - s t o p p e r e d  g r a d u a t e d  c y l i n d e r s  and t h e  s p e c t r a  r e c o r d e d .
C. RESULTS AND DISCUSSION
1) P r o p e r t i e s  o f  2 , 2 '  -  D i q u i n o l y l  Ketoxime
The oxime i s  s o l u b l e  i n  b e n z e n e ,  c h l o r o f o r m ,  m e t h y l e n e  c h l o r i d e ,  
d i m e t h y l s u l f o x i d e  and d i l u t e  a c i d s .  I t  i s  i n s o l u b l e  i n  w a t e r  and o n l y  
v e r y  s l i g h t l y  s o l u b l e  i n  e t h a n o l .
The u l t r a v i o l e t  s p e c t r u m  o f  2 , 2 '  -  d i q u i n o l y l  k e to x i m e  ( i n  95%
e t h a n o l )  i s  shown i n  F i g .  13 .  The oxime h a s  maxima a t  280 ,  243 and
4 4 4205 nm w i t h  m o la r  a b s o r p t i v i t i e s  o f  1 .2  x  10 , 4 . 9  x 10 and 5 . 1  x 10
r e s p e c t i v e l y .
I n  t h e  i n f r a r e d  t h e  oxime e x h i b i t s  s t r o n g  a b s o r p t i o n  a t  t h e  
f o l l o w i n g  f r e q u e n c i e s  ( i n  cm"^);  3140 ,  3010 ,  2850 ,  1612,  1593,  1558,
1499 ,  1421 , 1292,  1119 ,  1029 ,  1013,  998 ,  934 ,  835 ,  8 1 2 ,  758 ,  6 2 3 ,  585 
and 475 .
The c h e m i c a l  s h i f t  o f  t h e  oxime p r o t o n  i n  a 5% W/V s o l u t i o n  i n  
d e u t e r a t e d  d i m e t h y l s u l f o x i d e  was 12 .12  ppm r e l a t i v e  t o  TMS.
2) R e a c t i o n s  o f  M e t a l s  w i t h  2 , 2 '  - D i q u i n o l y l  Ketoxime
The m e t a l s  and p a r a m e t e r s  s t u d i e d  a r e  summarized  i n  T a b l e  X I I I .  
The v i s i b l e  s p e c t r a  o f  t h e  v a r i o u s  complexes  a r e  p r e s e n t e d  i n  F i g .  14 
and F i g .  15.
The r e a g e n t  r e a c t e d  w i t h  N i ( I I )  o v e r  t h e  pH r a n g e  5 -  1 3 . 5 .
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F i g u r e  13.  A b s o r p t i o n  s p e c t r u m  o f  2 , 2 ’ -  d i q u i n o l y l  
k e to x im e  i n  e t h a n o l .
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TABLE X I I I
REACTIONS OF METALS WITH 2 , 2 ’ - DIQUINOLYL KETOXIME
M e ta l  Ion pH Range Xmax Molar
A b s o r p t i v i t y
C o b a l t 1 3 .8  -  2M KOH 365 5 . 3  X 10^
Pd ( I I ) 6 -  1 3 .5 478 1 . 3  X 104
Ni ( I I ) 9 . 5  -  12 .5 374 1 .1 5  X 10^
Cu ( I I ) 9 . 5  - 13 383 1 .2  X 104
Au ( I I I ) S l i g h t R e a c t i o n
Cu ( I ) 2 -  13 524 U n s t a b l e
C o lo u r
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F i g u r e  14. S p e c t r a l  a b s o r p t i o n  c u r v e s  o f  m e t a l  
2 , 2 ' - d i q u i n o l y l  k e to x im e  c o m p l e x e s .
1.  Copper  ( I I )  complex i n  c h l o r o f o r m .
2 .  N i c k e l  ( I I )  complex i n  c h l o r o f o r m .
3.  C o b a l t  complex i n  b e n z e n e .
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FIGURE 14
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F i g u r e  15.  S p e c t r a l  a b s o r p t i o n  c u r v e s  o f  t h e  c o p p e r  ( I )
and p a l l a d i u m  ( I I )  complexes  o f  2 , 2 '  - d i q u i n o l y l  k e t o x i m e .
1. Copper  ( I )  complex i n  b e n z e n e .
2.  P a l l a d i u m  ( I I )  complex i n  b e n z e n e .
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The opt imum pH f o r  complex f o r m a t i o n  and e x t r a c t i o n  was 9 .5  -  1 2 . 5 .
The m o la r  a b s o r p t i v i t y  a t  374 nm was 1 .1 5  x 10^.  The complex was 
extractable into chloroform, benzene, methylene chloride, amyl alcohol 
and c a r b o n  t e t r a c h l o r i d e .  The c o l o u r  o f  t h e  o r g a n i c  e x t r a c t s  was 
s t a b l e  f o r  a t  l e a s t  1 2  h o u r s .
2 , 2 '  - D i q u i n o l y l  k e to x im e  y i e l d e d  a poor  c o l o u r  r e a c t i o n  w i t h
+3Au and h e n c e  i t  was n o t  i n v e s t i g a t e d  f u r t h e r .
The r e a g e n t  r e a c t e d  w i t h  Pd^^ o v e r  a w ide  pH r a n g e .  The opt imum 
pH r a n g e  f o r  complex f o r m a t i o n  and e x t r a c t i o n  was 6  - 1 3 . 5 .  The m o la r  
a b s o r p t i v i t y  was 1 .3  x 10^ a t  478 nm. Hie complex was e x t r a c t a b l e  
i n t o  t h e  common o r g a n i c  s o l v e n t s .
The r e a g e n t  r e a c t e d  w i t h  C u ( I I )  o v e r  t h e  pH r a n g e  4 -  1 3 . 5 .
The opt imum pH r a n g e  f o r  complex f o r m a t i o n  and e x t r a c t i o n  was 9 .5  -  13. 
The m o la r  a b so r p tiv ity  a t  t h e  w a v e l e n g t h  o f  maximum a b s o r p t i o n  (383 nm) 
was 1 .2  X 10^4 The complex i s  e x t r a c t a b l e  i n t o  c h l o r o f o r m  and b e n z e n e  
and t h e  c o l o u r  o f  t h e  o r g a n i c  e x t r a c t s  i s  s t a b l e  f o r  a t  l e a s t  24 h o u r s .
The r e a g e n t  formed a h i g h l y  s e n s i t i v e  c o l o u r  r e a c t i o n  w i t h  C u ( I ) ;  
ho w e v e r ,  when t h e  i n s o l u b l e  complex  was e x t r a c t e d  i n t o  an o r g a n i c  
s o l v e n t  t h e  c o l o u r  f a d e d  r a p i d l y .  A f t e r  f i v e  m i n u t e s  t h e  c o l o u r  was 
a lm o s t  c o m p l e t e l y  f a d e d .  Because  o f  t h i s  d i f f i c u l t y  t h e  r e a c t i o n  o f  
2 , 2 '  -  d i q u i n o l y l  ke to x im e  w i t h  C u ( I )  c o u l d  n o t  be  f u r t h e r  i n v e s t i g a t e d .
Under  s t r o n g l y  a l k a l i n e  c o n d i t i o n s  t h e  r e a g e n t  r e a c t e d  w i t h  
c o b a l t  t o  form a complex o f  h i g h  m o la r  a b s o r p t i v i t y .  At t h e  w a v e l e n g t h  
o f  maximum a b s o r p t i o n  (355 nm) t h e  m o la r  a b s o r p t i v i t y  was 5 . 3  x 10^.
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The c o b a l t  complex was e x t r a c t a b l e  i n t o  b e n z e n e ,  c a r b o n  t e t r a c h l o r i d e ,  
c h l o r o f o r m ,  m e t h y le n e  c h l o r i d e  and m o n o c h l o r o b e n z e n e .
The r e a g e n t  d i d  n o t  r e a c t  w i t h  F e ( I I )  o r  F e ( I I I ) .  T h i s  b e h a v i o u r  
i s  a n a lo g o u s  t o  t h e  1 , 1 0  -  p h e n a n t h r o l i n e s  w i t h  s u b s t i t u e n t s  a t  t h e  2  
and 9 p o s i t i o n s  and w i t h  p y r i d i n e  oximes h a v i n g  s u b s t i t u e n t s  a t  t h e  5 
p o s i t i o n .
D. SUMMARY AND CONCLUSIONS
The s y n t h e s i s  and p r o p e r t i e s  o f  2 , 2 '  - d i q u i n o l y l  k e to x im e  h a v e  
b e e n  d e s c r i b e d .  The r e a g e n t  formed c o l o u r e d  w a t e r -  i n s o l u b l e  complexes  
w i t h  N i ( I I )  , C u ( I I ) ,  C u ( I ) ,  A u ( I I I ) , P d ( I I )  and c o b a l t .  A s t u d y  o f  t h e  
v a r i o u s  p a r a m e t e r s  i n d i c a t e d  t h a t  t h e  r e a g e n t  c o u l d  be  a p p l i e d  t o  t h e  
s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  c o b a l t  and p a l l a d i u m .
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CHAPTER I I I  
SPECTROPHOTOMETRIC DETERMINATION OF COBALT 
WITH 2 , 2 '  -  DIQUINOLYL KETOXIME
A. INTRODUCTION
Many c l a s s e s  o f  r e a g e n t s  h a v e  b e e n  p r o p o s e d  f o r  t h e  s p e c t r o ­
p h o t o m e t r i c  d e t e r m i n a t i o n  o f  c o b a l t .  The most  common r e a g e n t s  f o r
NO OH
I I
c o b a l t  c o n t a i n  t h e  a to m ic  g r o u p i n g  = C - C = . Many r e a g e n t s  
c o n t a i n i n g  t h i s  g r o u p i n g  h a v e  b e e n  p r o p o s e d  f o r  t h e  s p e c t r o p h o t o m e t r i c  
d e t e r m i n a t i o n  o f  c o b a l t .
F e r r o i n  r e a g e n t s  h a v e  found l i m i t e d  a p p l i c a t i o n  as  chromogens 
f o r  c o b a l t .  2 ,2 '  - D i p y r i d y l  k e to x im e  h a s  b e e n  u s e d  f o r  t h e  s p e c t r o ­
p h o t o m e t r i c  d e t e r m i n a t i o n  o f  c o b a l t  ( 9 1 ) .  R ecent s t u d i e s  on a s e r i e s  
o f  f e r r o i n  r e a g e n t s  (9 6 ,  9 7 ) ,  i n d i c a t e d  them t o  be  l e s s  s e n s i t i v e  t h a n  
t h e  c l a s s i c a l  r e a g e n t s .
In t h e  p r e s e n t  work  t h e  f e r r o i n  r e a g e n t  2 , 2 '  -  d i q u i n o l y l  
k e to x i m e  was i n v e s t i g a t e d  as a new r e a g e n t  f o r  t h e  s p e c t r o p h o t o m e t r i c  
d e t e r m i n a t i o n  o f  c o b a l t .  The r e a g e n t  r e a c t e d  w i t h  c o b a l t  u n d e r  s t r o n g l y  
a l k a l i n e  c o n d i t i o n s  t o  form an i n t e n s e l y  c o l o u r e d  w a t e r - i n s o l u b l e  
complex w h ich  was e a s i l y  e x t r a c t a b l e  i n t o  b e n z e n e .
S t u d i e s  w e re  u n d e r t a k e n  to  d e t e r m i n e  such  f a c t o r s  as  opt imum 
c o n c e n t r a t i o n  o f  r e a g e n t ,  e f f e c t  o f  t im e  o f  s t a n d i n g ,  i n f l u e n c e  o f  pH 
on complex f o r m a t i o n  and e x t r a c t i o n ,  c h o i c e  o f  s o l v e n t ,  e f f e c t  o f  
d i v e r s e  i o n s  and p r e c i s i o n  and a c c u r a c y .  A p r o c e d u r e  was d e v e l o p e d  f o r
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t h e  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  c o b a l t .
B. EXPERIMENTAL
1) I n s t r u m e n t s
S p e c t r a l  s t u d i e s  and l i g h t  a b s o r p t i o n  m easu rem en ts  w e re  made 
w i t h  a  Beckman DB s p e c t r o p h o t o m e t e r  e q u ip p e d  w i t h  a S a r g e n t  Model - SRL 
r e c o r d e r  and 1 .00-cm s i l i c a  c e l l s .  A S a r g e n t  Model - DR pH m e t e r  was 
u s e d  f o r  pH m e a s u r e m e n ts .
2) R e a g e n t s
S t a n d a r d  c o b a l t  s o l u t i o n ;  A s t o c k  s o l u t i o n  was p r e p a r e d  by- 
d i s s o l v i n g  u l t r a - p u r e  c o b a l t  m e t a l  ( R e s e a r c h  I n o r g a n i c  C hem ica l  C o r p . ,  
Sun V a l l e y ,  C a l i f o r n i a )  i n  aqua  r e g i a ,  e v a p o r a t i n g  t o  n e a r  d r y n e s s  and 
d i l u t i n g  t o  1 l i t e r  w i t h  d o u b ly  d i s t i l l e d  w a t e r .  T h i s  was f u r t h e r  
d i l u t e d  t o  g i v e  a s t a n d a r d  s o l u t i o n  o f  2 .2 1 5  u g / m l .  R eagen t  s o l u t i o n :
A 0.10% W/V s o l u t i o n  i n  95% e t h a n o l  was u s e d .  T h i s  s o l u t i o n  was s t a b l e  
f o r  a t  l e a s t  1  m on th .
D i v e r s e  c a t i o n  s o l u t i o n s ;  R e a g e n t  g r a d e  c h l o r i d e  o r  n i t r a t e  
s a l t s  w e re  u s e d .  A r s e n i c ,  molybdenum, r h e n iu m  and s e l e n i u m  s o l u t i o n s  
w ere  p r e p a r e d  from r e a g e n t  g r a d e  sod ium  o r  p o t a s s i u m  s a l t s .
Benzene ;  A .C .S .  g r a d e  was u s e d .
3) Recommended P r o c e d u r e
Add an a l i q u o t  o f  sample  s o l u t i o n  c o n t a i n i n g  3 -  20 ug o f  c o b a l t  
t o  a 50-ml b e a k e r .  A f t e r  a d j u s t i n g  t h e  volume t o  a p p r o x i m a t e l y  10 m l ,  
e i t h e r  by e v a p o r a t i o n  on a h o t  p l a t e  o r  a d d i t i o n  o f  d i s t i l l e d  w a t e r ,  
add 0 . 8 0  ml o f  r e a g e n t  s o l u t i o n  and a d j u s t  t h e  pH t o  a b o u t  10 by t h e
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dropwioe a d d i t io n  o f  10% p o ta ss iu m  h y d ro x id e  s o l u t i o n .  Add 10 ml o f  2 M 
p o ta ss iu m  h yd rox id e  and e x t r a c t  w ith  two 10-ml p o r t io n s  o f  b en zen e .  
T r a n sfe r  th e  e x t r a c t s  to  a 25-ml graduated  g l a s s  - s to p p e r e d  c y l in d e r  and 
make up to  volume w ith  b en zen e .  Add 8 g o f  anhydrous sodium s u lp h a t e
( to  remove t r a c e s  o f  w a t e r ) ,  shake and m easure th e  absorbance o f  th e  
c l e a r  s o l u t i o n  a t  365 nm a g a in s t  a r e a g e n t  b lan k  prepared  in  th e  same 
manner. The amount o f  c o b a l t  i s  determ ined  from a p r e v io u s l y  prepared
c a l i b r a t i o n  c u r v e .
C. RESULTS
1) E f f e c t  o f  pH
The e f f e c t  o f  pH i s  i l l u s t r a t e d  in  F i g .  16 . H igh ly  a l k a l i n e  
c o n d i t io n s  were r e q u ir e d  f o r  complex fo rm a tio n  and e x t r a c t i o n .  R ep rod u ci­
b l e  r e s u l t s  were o b ta in ed  from pH 1 3 .8  to  2 M KOH.
2) E f f e c t  o f  Reagent C o n ce n tr a t io n
The r e a g e n t  c o n c e n tr a t io n  must be kept a t  a minimum to  avo id  
l a r g e  b lan k  r e a d in g s .  A volume o f  0 .8 0  ml o f  th e  r e a g e n t  s o l u t i o n  was 
s u f f i c i e n t  fo r  th e  optimum c o n c e n t r a t io n  r a n g e .
3) A b sorp tion  S p e c tr a
The benzene s o l u t i o n  o f  th e  complex e x h ib i t e d  an a b s o r p t io n  
maximum a t  365 nm. The r e a g e n t  b e g in s  to  absorb s t r o n g l y  near t h i s  
w a v e le n g th  ( F ig .  1 7 ) .
4) E f f e c t  o f  Time
Complex formation was Instantaneous under strong basic conditions 
and th e  benzene e x t r a c t s  were s t a b l e  f o r  2 d a y s .
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F ig u r e  16. S p e c tr a l  cu rves  o f  th e  c o b a l t  2 , 2 '  - 
d i q u i n o l y l  ketoxim e complex and th e  r e a g e n t  b lank  e x t r a c t e d  from 
aqueous s o l u t i o n s  o f  v a r y in g  pH.
1 . pH = 8
2 . pH = 9
3. pH - 1 0
4. pH = 1 1
5. pH = 1 2
6 . pH = 13
7. pH = 1 3 .5
8 . pH = 14
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F igu re  17 . S p e c t r a l  a b s o r p t io n  cu rves  o f  th e  c o b a l t  
2 , 2 '  - d i q u i n o l y l  ketoxim e complex and th e  r e a g e n t  b la n k  e x t r a c t e d  
in t o  b enzene .
1 . Reagent b lank
2 .  0 .1 7 7  ppm c o b a l t
3 .  0 .3 5 4  ppm c o b a l t
4 .  0 .7 0 8  ppm c o b a l t
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5) E f f e c t  o f  S o lv e n ts
The complex was e x t r a c t a b le  in to  b e n z e n e ,  c h lo ro fo r m , m ethy lene  
c h l o r i d e ,  carbon t e t r a c h l o r i d e ,  t o lu e n e  and m onochlorobenzene. Benzene  
gave th e  h i g h e s t  absorbance r e a d in g s .
6) Conformity to B e e r 's  Law
A liq u o ts  o f  c o b a l t  s o l u t i o n  o f  v a r y in g  c o n c e n tr a t io n s  were  
an a lyzed  u s in g  th e  recommended p r o c e d u r e .  A B e e r 's  Law p l o t  a t  th e  
a b s o r p t io n  maxima o f  365 nm was found to  be l i n e a r  over  th e  range 0 .1 0  -  
1 .2 0  ppm when 1 .00-cm  c e l l s  were used (Table  XIV and F i g .  1 8 ) .  When 
4 .00 -cm  c e l l s  were used  a s t r a i g h t  l i n e  was o b ta in e d  over  th e  c o n c e n tr a ­
t i o n  range  0 .0 4  -  0 .1 8  ppm (Table XV and F ig .  1 9 ) .
7) Optimum C o n ce n tr a t io n  Range
The optimum c o n c e n tr a t io n  r a n g e ,  e v a lu a te d  from a Ringbom p l o t  
o f  th e  d a ta  i n  Table XVI, was found to  be 0 .2 2  -  0 .8 9  ppm o f  c o b a l t  as 
i l l u s t r a t e d  from th e  l i n e a r  p o r t io n  o f  th e  curve  in  F i g .  20 .
8) S e n s i t i v i t y  o f  th e  Method
The molar a b s o r p t i v i t y  a t  365 nm was 5 .3  x  10^\ The s e n s i t i v i t y  
o f  th e  method a ccord in g  to  S a n d e l l ' s  d e f i n i t i o n  was 0 .0 0 1 1  ug cm"^.
9) P r e c i s i o n  and Accuracy
The p r e c i s i o n  and accuracy  o f  t h e  method was s t u d i e d  by a n a l y z i n g  
s o l u t i o n s  c o n ta in in g  known amounts o f  c o b a l t .  The r e s u l t s  are  
summarized  i n  T a b le  XV II.
10) C om position  o f  th e  Cobalt Complex
Scrn  ^ o f  th e  complex was i s o l a t e d ,  d r ie d  and a n a ly z e d .  C o b a lt ,  
carb on , hydrogen and n i t r o g e n  a n a l y s i s  o f  th e  c o b a l t  complex in d ic a t e d
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TABLE XIV
DATA ON BEER'S LAW FOR THE SPECTROPHOTOMETRIC 
DETERMINATION OF COBALT WITH 
2 ,2 '  -  DIQUINOLYL KETOXIME 
(U sing  1 .00-cm  C e l l s )
Sample C obalt  C o n ce n tr a t io n  
ppm
Absorbance
1 0 .0 8 9 0 .0 8 4
2 0 .1 7 7 0 .1 6 7
3 0 .2 6 6 0 .2 4 5
4 0 .3 5 4 0 .3 2 1
5 0 .4 4 3 0 .4 0 5
6 0 .5 3 1 0 .4 8 2
7 0 .7 0 9 0 .6 3 8
8 0 .8 8 6 0 .7 9 1
9 1 .0 6 3 0 .9 6 7
10 1 .2 4 0 1 .1 1 9
11 1 .4 1 7 1 .2 2 9
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F ig u r e  18 . B e e r 's  Law p l o t  fo r  Che d e te r m in a t io n  o f
c o b a l t  w ith  2 ,2 '  -  d iq u in o ly l  ketox im e u s in g  one-cm  c e l l s .
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TABLE XV
USER'S LAW DATA USING 4 .0 0 -cm  CELLS
Sample C obalt  C o n c e n tr a t io n  Absorbance
ppm
1 0 . 0 2 2 2 0 .0 6 8
2 0 .0 4 4 3 0 .1 6 0
3 0 .0 6 6 5 0 .2 2 8
4 0 .0 8 8 6 0 .3 0 0
5 0 . 1 1 1 0 .3 7 3
5 0 .1 5 5 0 .5 0 5
7 0 .1 7 7 0 .5 7 0
8 0 .2 6 6 0 .7 9 5
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F ig u r e  19. B e e r 's  Law p l o t  fo r  th e  d e te r m in a t io n  o f
c o b a l t  w ith  2 ,2 '  -  d i q u i n o l y l  k e tox im e u s in g  four-cm  c e l l s .
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RINGBO
COBALT
M DATA FOB 
WITH 2 ,2 '
ÜLE XVI
. THE DETERMINATION OF 
- DIQUINOLYL KETOXIME
C o n cen tra t io n
ppm
Log c % T 100 - T
0 .0 8 9 -1 .0 5 1 8 2 .4 2 7 .6
0 .1 7 7 -0 .7 5 2 6 8 .3 3 1 .7
0 .2 6 6 - 0 .5 7 5 5 6 .1 4 3 .9
0 .3 5 4 - 0 .4 5 1 4 7 .7 5 2 .3
0 .4 4 3 - 0 .3 5 4 3 9 .2 6 0 .8
0 .5 3 1 - 0 .2 7 5 3 3 .0 6 7 .0
0 .7 0 9 - 0 .1 4 9 2 3 .0 7 7 .0
0 .8 8 6 - 0 .0 5 3 1 6 .2 8 3 .8
1 .0 6 3 0 .0 2 7 10 .8 8 9 .2
1 .2 4 0 0 .0 9 3 7 .6 9 2 .4
1 .4 1 7 0 .1 5 1 5 .9 9 4 .1
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F ig u r e  20. Ringbom p l o t  fo r  th e  d e te r m in a t io n  o f
c o b a l t  w ith  2 ,2*  - d i q u i n o l y l  k e tox im e.
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TABLE XVII 
PRECISION AND ACCURACY
C ob alt  Taken C ob alt  Found* R e l a t i v e  Standard Range
ppm ppm Error % D e v ia t io n  ppm
0 .1 7 7  0 .1 7 4  - 1 .6 9  0 .0 0 3  0 .0 1 0
0 .3 5 4  0 .3 5 2  - 0 .5 6  0 .0 0 3  0 .0 1 1
0 .7 0 8  0 .6 9 6  - 1 .1 3  0 .0 0 7  0 .0 2 4
* Each r e s u l t  i s  th e  average  o f  16 s e p a r a te  a n a l y s e s .
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th e  p r e s e n c e  o f  a 2 ;1  complex and a 3 :1  com plex. Attem pts to  p u r i f y
th e  m ix tu r e  were u n s u c c e s s f u l .
11) E f ^ h c ^  o f  D i v e r s e  I o n s
F iv e  mg o f  a d iv e r s e  io n  w ere added to  a 50-m l beaker c o n ta in in g  
8 . 8 6  ug o f  c o b a lt  and th e  recommended p roced u re was fo llo w e d . An er ro r  
o f  2% in  th e  absorbance r e a d in g  was c o n s id e r e d  t o l e r a b l e .  The fo llo w in g  
io n s  d id  n o t in t e r f e r e :  Sr^^, Ca^^, Ba^^, L i^ , Na^\ Sn^^, A l^^,
B r" , I " , F " , NO3 " , 80%"^, oA c", CIO3 " ,
— — H""6 “l"3 3“6 “PA ~ \ ' ' 7 -"r3
ClO^ , NOg , As , Mo , V , VO  ^ , W , Te , Re , Sb and Se . A
"4"3 - ] - 2t o le r a n c e  l im i t  o f  1 mg was found fo r  th e  fo llo w in g  io n s :  Ga , Pb and
Hg^^. Up to  6  ml o f  10% sodium  c i t r a t e  can be added. The sy stem  cou ld
+ 3  4-3 + 9  4-6 4-2 4-2
a l s o  t o l e r a t e  0 .5  mg o f  B i , Re , Sn , Cr , P t and 0 . 1  mg o f  Be ,
*4'2 3 '4”3 ~f"2 "4-2 "4*Nb , Cd and In . The in t e r f e r e n c e s  duo to  Au , Pd , Cu , Cu
4-and Ag w ere e lim in a te d  by p r io r  e x t r a c t io n  w ith  d i th iz o n e  ( 9 8 ) .  At
pH 2 ,  1 mg o f  each o f  th e  io n s  was q u a n t i t a t iv e ly  e x tr a c te d  by th r e e
-320-ml p o r t i o n s  o f  10 M d ith iz o n e  i n  c h lo ro fo r m . The i n t e r f e r e n c e s  due
"4“3to  Fe , Hf , T i , Zr and Sn w ere e lim in a te d  by p r io r  ch lo ro fo rm
e x tr a c t io n  o f  t h e ir  c u p f e r r a t e s  w ith  a 6 % aqueous s o l u t i o n  o f  c u p f e r r o n
4-2
from 1 .2  M h y d r o c h lo r ic  a c id  ( 9 9 ) .  The fo llo w in g  io n s  i n t e r f e r e :  Ni ,
«• ”f"2 -4-3 -4-3 -4-3 ’4"3 *4~2 ~f“3 -4- 3
CN , FDTA, Mh , Cr , t a r t r a t e ,  Ir^ ^ , Ru , Rh^^, Mg^^, Ce , Ta
- „ 4-8and Os
D. DISCUSSION
I n  t h e  p r e s e n t  work, 2 , 2 '  - d i q u i n o l y l  ketox im e has b e e n  a p p l i e d  
to  the sp e c tr o p h o to m e tr ic  d e te r m in a tio n  o f  c o b a l t .  The p r o c e d u r e  has 
th e  a d v a n t a g e s  o f  s i m p l i c i t y ,  r a p i d i t y ,  and a t o le r a n c e  to  many fo r e ig n
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i o n s .  Most m eta ls  commonly a s s o c i a t e d  w ith  c o b a l t  e i t h e r  do n o t
i n t e r f e r e  or can be e a s i l y  s e p a r a te d .
The main advantage o f  th e  p r e s e n t  sy stem  i s  th e  extrem e s e n s i ­
t i v i t y .  U sing 4 .00 -cm  c e l l s ,  l e s s  than 0 .1  ppm o f  c o b a l t  can be  e a s i l y  
d eterm in ed . In Table XVIII a l i s t  o f  th e  s e n s i t i v i t i e s  o f  some methods 
f o r  c o b a l t  i s  p r e s e n te d .  I t  i s  r e a d i l y  apparent t h a t  2 , 2 '  -  d i q u i n o l y l  
ketox im e i s  more s e n s i t i v e  than th e  e s t a b l i s h e d  r e a g e n t s .
E. SUMMARY AND CONCLUSIONS
The sp e c tr o p h o to m e tr ic  d e te r m in a t io n  o f  c o b a l t  in v o lv e d  th e  
e x t r a c t i o n  o f  3 -  20 ug o f  c o b a l t  as a complex w i th  2 ,2 '  -  d i q u i n o l y l  
k eto x im e . The benzene e x t r a c t io n  was performed from 1 -  2 M p o tass iu m  
h y d r o x id e .  The absorbance o f  th e  benzene e x t r a c t  was measured a t  365 nm, 
th e  w a v e len g th  o f  maximum a b s o r p t io n  o f  th e  complex and a t  t h i s  w ave­
le n g th  t h e r e  was o n ly  s l i g h t  a b s o r p t io n  due to  th e  e x c e s s  r e a g e n t .  The 
amount o f  c o b a l t  was c a l c u l a t e d  from a p r e v io u s l y  prepared  c a l i b r a t i o n  
c u r v e .
V arious param eters such  as i n f l u e n c e  o f  pH on complex form ation  
and e x t r a c t i o n ,  e f f e c t  o f  r e a g e n t ,  e f f e c t  o f  t im e ,  c h o i c e  o f  s o l v e n t ,  
a p p l i c a b i l i t y  o f  B e e r ' s  Law and f o r e ig n  io n s  were s t u d i e d .  The optimum
c o n c e n t r a t i o n  r a n g e  o f  0 . 2 2  - 0 . 8 9  ppm o f  c o b a l t ,  e v a lu a te d  by Ringbom's  
m ethod , in d ic a t e d  th e  method to  be  ex tr e m ely  s e n s i t i v e .  D eterm in a tio n s  
o f  known amounts o f  c o b a l t  showed t h e  procedure  to  be  both a c c u r a t e  and 
p r e c i s e ,  Tlie b e n z en e  e x t r a c t  o f  t h e  complex  was s t a b l e  f o r  2 d a y s .  An 
e x t e n s i v e  f o r e ig n  ion  s tu d y  showed th e  procedure to  be w id e ly  a p p l i c a b le .
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TABLE XVIII  
SENSITIVITIES OF SOME METHODS FOR COBALT
Reagent S a n d e l l  S e n s i t i v i t y  
ug Co cm"2
2 ,2 '  -  D iq u in o ly l  Ketoxime 0 .0 0 1 1
N itr o s o  -  R s a l t 0 .0 0 1 9
0 -  N i t r o s o r e s o r c i n o l 0 .0 0 2 5
2 ,2 '  -  D ip y r id y l  Ketoxime 0 .0 0 2 9
2 - N i t r o s o  -  1 -  n aph th o l -  4 -  s u f o n ic  a c id 0 .0 0 4
2 -  N i t r o s o  -  1 -  naphthol ( CHCI3 ) 0 .0 0 4 2
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J . J . 4
An a b s tr a c te d  p o r t io n  o f  t h i s  s e c t i o n  o f  work has p r e v io u s ly
been ac c ep te d  fo r  p u b l i c a t io n  ( 1 0 0 ) .
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CHAPTER TV
SPECTROPHOTOMETRIC DETERMINATION OF PALLADIUM
WITH 2 ,2 '  - DIQUINOLYL KETOXIME
A. INTRODUCTION
B ecause  o f  t h e i r  s e l e c t i v i t y ,  oximes have been  w id e ly  used  as 
g r a v im e tr ic  and s p e c tr o p h o to m e tr ic  r e a g e n ts  f o r  p a l la d iu m . V arious  
v i c i n a l  d iox im es  have been e x t e n s i v e l y  s tu d ie d  and a p p l ie d  to  th e  
d e te r m in a t io n  o f  p a l la d iu m . R e c e n t ly ,  p y r id in e  oximes c o n t a in in g  
th e  f e r r o in  atom ic grouping have been s t u d ie d  as s p e c tr o p h o to m e tr ic  
r e a g e n ts  fo r  p a l la d iu m .
P a llad iu m  has been determ ined  by Pflaum , Wehking and Gensen (101)  
u s in g  2 - p y r id in e a ld o x im e .  Phenyl -  2 -  p y r id y l  ketoxim e was used  by 
Sen (85) fo r  th e  d e te r m in a t io n  o f  p a l la d iu m . The r e a g e n ts  2 , 2 '  - 
d ip y r id y l  ketoxim e (90)  and q u in o l in e  -  2 - a ldoxim e (102)  h a v e  a l s o  
been u sed  fo r  th e  d e te r m in a t io n  o f  p a l la d iu m . This c l a s s  o f  r e a g e n ts  
forms w a t e r - i n s o lu b le  com plexes w ith  p a l la d iu m  ( I I )  in  which bonding  
betw een th e  p y r id in e  n i t r o g e n  and oxime n i t r o g e n  i s  p o s t u la t e d  (9 0 ,  103) 
The s t r u c t u r e  o f  th e  r e s u l t i n g  f i v e  membered c h e l a t e  may be r e p r e s e n t e d  
as  f o l lo w s :
\
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In th e  p r e s e n t  work, 2 , 2 '  -  d i q u i n o l y l  ketox im e was i n v e s t i g a t e d  
as a new r e a g e n t  fo r  th e  s p e c tr o p h o to m e tr ic  d e te r m in a t io n  o f  p a l la d iu m .  
The r e a c t i o n  between p a l la d iu m  (IT) and 2 ,2 '  - d i q u i n o l y l  ketox im e was 
i n v e s t i g a t e d  to  determ in e  such f a c t o r s  as optimum c o n c e n tr a t io n  o f  
r e a g e n t ,  in f l u e n c e  o f  pH on complex form ation  and e x t r a c t i o n ,  c h o ic e  o f  
s o l v e n t ,  e f f e c t  o f  d i v e r s e  ion s  and p r e c i s i o n  and a c c u r a cy .  A procedure  
was d ev e lo p ed  for  th e  s p e c tr o p h o to m e tr ic  d e te r m in a t io n  o f  p a l la d iu m .
B. EXPERIMENTAL
1) Apparatus
S p e c t r a l  s t u d ie s  and l i g h t  a b s o r p t io n  measurements were made w ith  
a Beckman DB sp ec trop h otom eter  equipped w ith  a Sargent Model -  SRL 
r e c o r d e r  and 1 .00-cm  s i l i c a  c e l l s .  A Sargent Model - DR pH m eter  was 
u sed  f o r  pH m easurem ents.
2) Reagents
Standard p a l la d iu m  s o l u t i o n ;  A s t o c k  s o l u t i o n  o f  p a l la d iu m  ( I I )  
was prepared from pure p a llad iu m  w ir e  (Chapter I I ) .  Th is was f u r th e r  
d i l u t e d  to  g iv e  a s t a n d a r d  p a lla d iu m  s o l u t i o n  o f  2 7 ,4 6  u g /m l .
Reagent s o lu t i o n ;  A 0.30% W/V s o l u t i o n  in  95% e th a n o l  was u s e d .  
This s o l u t i o n  was s t a b l e  fo r  a t  l e a s t  1 month.
D iv e r s e  c a t i o n  s o l u t i o n s :  Reagent grade c h l o r i d e  or n i t r a t e  s a l t s
were u s e d .  A r s e n i c ,  molybdenum, rhenium and s e l e n i u m  s o l u t i o n s  were  
p r e p a r e d  from t h e  corresp on d in g  o x i d e s .  D i v e r s e  anion  s o l u t i o n s :  These  
were prepared  f rom r e a g e n t  g r a d e  sodium o r  p o ta ss iu m  s a l t s .
Benzene: A .C .S . grade was u s e d .
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3) Recommended Procedure
T ran sfer  a n .a l iq u o t  o f  th e  a c i d i f i e d  sample s o l u t i o n  c o n t a in in g  
20 - 200 ug o f  p a lla d iu m  ( I I )  to  a 50-ml b e a k e r .  Add 3 ml o f  r e a g e n t  
s o l u t i o n  and a d ju s t  th e  pH to  ap p ro x im a te ly  2 by th e  a d d i t io n  o f  d i l u t e  
p o ta ss iu m  h yd rox id e  s o l u t i o n .  Add 10 ml o f  a 5% W/V s o l u t i o n  o f  th e  
d isod iu m  s a l t  o f  EDTA and a d j u s t  th e  pH to  6 . E x tr a c t  w ith  two 10 ml 
p o r t io n s  o f  benzene and t r a n s f e r  th e  e x t r a c t s  to  a 25-ml graduated  g l a s s  -  
s to p p e re d  c y l in d e r  and make up to  voiume w ith  b e n z e n e .  Add 5 g o f  
anhydrous sodium s u lp h a t e ,  shake and measure th e  absorbance o f  th e  c l e a r  
s o l u t i o n  a t  478 nm a g a in s t  a r e a g e n t  b lan k  prepared  in  th e  same manner.
The amount o f  p a lla d iu m  i s  determ ined from a p r e v i o u s l y  prepared  c a l i ­
b r a t i o n  c u r v e .
C. RESULTS
1) E f f e c t  o f  pH
The optimum pH r a n g e  fo r  complex form ation  and e x t r a c t i o n  was 
6  -  13 .5  (T a b le  XIX) .  The complex formed under s t r o n g l y  a c i d i c  c o n d i t io n s  
b u t  th e  e x t r a c t i o n  was in c o m p le te .  The r e a g e n t  was a lways added u n d e r  
a c i d i c  c o n d i t io n s  to  p reven t  t h e  h y d r o l y s i s  o f  p a lla d iu m  when t h e  pH 
was a d ju s te d  to  6 .
2) A b sorption  S p ec tra
The benzene s o l u t i o n  o f  t h e  complex e x h ib i t e d  a b so r p t io n  maxima 
a t  478 and 363 nm. The 478 nm maximum was chosen  f o r  a n a l y t i c a l  u se  
s i n c e  t h e  r e a g e n t  does  n o t  a b s o r b  at  t h i s  w ave len g th  ( F ig .  2 1 ) .
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TABLE XIX
EFFECT OF pH ON COMPLEX FORMATION AND EXTRACTION 
( 3 .3 0  ppm P a llad iu m )
Sample pH Absorbance
478 nm
1 3 .5 4 0 .3 9 8
2 4 .1 5 0 .3 9 8
3 5 .9 1 0 .4 0 7
4 6 .3 0 0 .4 0 8
5 7 .4 3 0 .4 1 0
6 1 1 .9 0 0 .4 1 0
7 1 3 .5 0 0 .4 0 9
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F ig u r e  21 . S p e c t r a l  a b s o r p t io n  cu rves  o f  th e  p a lla d iu m  
2 , 2 ' -  d i q u i n o l y l  ketoxim e complex and th e  r e a g e n t  b la n k  e x tr a c t e d  
i n t o  b enzene .
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3) E f f e c t  o f  Reagen t  Con c e n t r a t io n
I t  was found t h a t  a t  l e a s t  a  10 - f o l d  e x c e s s  o f  r e a g e n t  i s
r e q u ir e d  fo r  s a t i s f a c t o r y  r e s u l t s .
4 ) E f f e c t  o f  Time
C h e la te  fo rm a tio n  was com p lete  in  l e s s  than 5 m inutes  and th e
benzene  e x t r a c t s  w ere s t a b l e  fo r  a t  l e a s t  two d a y s .
5) E f f e c t  o f  S o lv e n ts
Changes in  both  th e  a b s o r p t io n  maximum and th e  molar a b s o r p t i v i t y  
occu rred  when d i f f e r e n t  s o l v e n t s  w e re  u s e d  fo r  th e  e x t r a c t i o n  ( F i g .  2 2 ) .  
The complex was e x t r a c t a b le  in t o  b e n z e n e ,  carbon t e t r a c h l o r i d e ,  
m eth y len e  c h l o r i d e ,  c h lo ro fo r m , amyl a l c o h o l  and t o lu e n e .
6 ) Conform ity  to  B e e r 's  Law
A s t r a i g h t  l i n e  was o b ta in e d  over  th e  range 0 .5  -  10 ppm when
absorbance was p l o t t e d  a g a in s t  c o n c e n t r a t io n  (Table  XX and F i g .  2 3 ) .
7) Optimum C o n cen tra t io n  Range
The optimum c o n c e n tr a t io n  range e v a lu a te d  by Ringbom's method 
was 2 -  8  ppm (Table XXI and F ig .  2 4 ) .
8 ) S e n s i t i v i t y  o f  th e  Method
The m o la r  a b s o r p t i v i t y  a t  478 nm was 1 .3  x 10^.  The s e n s i t i v i t y  
o f  th e  method a ccord in g  to  S a n d e l l ' s  d e f i n i t i o n  was .0081 ug cm ^ .
9 ) P r e c i s i o n  and Accuracy
The p r e c i s i o n  and accu racy  o f  th e  method was s tu d ie d  by a n a ly z in g  
solutions containing known amounts of palladium. The results are 
summarized in  Table XXII.
10) C om positi o n o f  th e  P a llad iu m  Complex
A t tem p ts  t o  i s o l a t e  t h e  p a lla d iu m  complex i n  pure fo rm p roved
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F ig u r e  22 . S p e c t r a l  a b s o r p t io n  cu rves  o f  th e  p a llad iu m
2 , 2 '  -  d i q u i n o l y l  ketoxim e complex e x t r a c t e d  in t o  v a r io u s  s o l v e n t s ,
1 . Toluene
2 .  Benzene
3 . Carbon t e t r a c h l o r i d e
4 .  Chloroform
5 .  M ethylene c h lo r id e
6 . Amyl a lc o h o l
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TABLE XX
BEER'S LAW DATA FOR THE SPECTROPHOTOMETRIC 
DETERMINATION OF PALLADIUM WITH 2 ,2 '  -  DIQUINOLYL KETOXIME
Sample P a llad iu m  C o n c e n tr a t io n  Absorbance
ppm
1 0 .5 5 0 .0 6 0
2 1 . 1 0 0 .1 3 0
3 2 . 2 0 0 .2 6 7
4 3 .3 0 0 .4 0 7
5 4 .3 9 0 .5 3 8
5 5 .4 9 0 .6 8 4
7 6 .5 9 0 .8 2 4
8 7 .6 9 0 .9 4 4
9 8 .7 9 1 .0 8 6
1 0 9 .8 9 1 .2 2 9
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F ig u r e  23 . B e e r 's  Law p l o t  f o r  th e  d e te r m in a t io n  o f
p a l la d iu m  w ith  2 , 2 '  - d i q u i n o l y l  k e to x im e .
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/TABLE XXI
RINGBOM DATA FOR THE DETERMINATION OF 
PALLADIUM WITH 2 , 2 '  - DIQUINOLYL KETOXIME
C o n ce n tr a t io n
ppm
Log c % T 100 -  T
0 .5 5 - 0 .2 6 0 8 7 .2 1 2 . 8
1 . 1 0 0 .0 4 1 7 4 .2 2 5 .8
2 . 2 0 0 .3 4 2 5 4 .1 4 5 .9
3 .3 0 0 .5 1 9 3 9 .2 6 0 .8
4 .3 9 0 .6 4 3 2 9 .0 7 1 .0
5 .4 9 0 .7 4 0 2 0 .7 7 9 .3
6 .5 9 0 .8 1 9 1 5 .0 8 5 .0
7 .6 9 0 . 8 8 6 1 1 .4 8 8 . 6
8 .7 9 0 .9 4 4 8 . 2 9 1 .8
9 .8 9 0 .9 9 5 5 .9 9 4 .1
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F ig u r e  24 i bom p l o t  fo r  th e  d e te r m in a t io n  o f
p a l la d iu m  w ith  2 , 2 '  -  U iq u ln o ly l  k e tox im e .
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TABLE X X II  
PRECISION AND ACCURACY
P allad iu m  Taken
ppm
P allad ium  Found* 
ppm
R e l a t i v e  
Error %
Standard
D e v ia t io n
ppm
Range
ppm
3 .3 0 3 .3 2 + 0 .6 1 0 .0 4 4 0 .1 5
2 . 2 0 2 .1 8 - 0 .9 1 0 .0 2 7 0 .0 7 4
6 .5 9 6 .5 9 0 . 0 0 .0 7 2 0 . 2 1
* Each r e s u l t i s  th e  average  o f 8  s e p a r a te a n a l y s e s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
131
u n s u c c e s s f u l .
E f f e c t  o f  D i v e r s e  Ions
F i v e  mg o f  a d i v e r s e  ion  were  added, to  a 50-ml beaker c o n t a i n i n g  
8 2 .3 8  ug o f  p a llad iu m  and th e  recommended p rocedure  was f o l lo w e d .  An 
e r ro r  o f  2% in  th e  absorbance r e a d in g  was c o n s id e r e d  t o l e r a b l e .  The 
f o l l o w in g  io n s  d id  n o t  i n t e r f e r e :  Na^\ E i* ,  C l" , P2 0 y 4  Cd^^,
Mg+h s d i  B a + h  C a + h  T1+ ,  F% , Fe+ 1  N i + h  A l + b  Ga+ 1  Hg+^ ,
+2  -  - 2  - 2  -  - 2  -  -  + 3  +2  Zn^^, CIO3  , C2 O4  , SO3  NO3  , SO4  CIO4  , OAC , Ce , Pb ,
Ih^^, Se^^, Cr^^, Mn^^, As^^, P t^^ , Cr^ '^% Be*^ and Mo^  ^ . Large
amounts o f  EDTA, c i t r a t e  and t a r t r a t e  can be t o l e r a t e d .  The system
1 o '4“? ”l"3 "f“3
co u ld  a l s o  t o l e r a t e  2 mg o f  Co and .5  mg o f  Pt , I r  , Os , Rh
and Au^^. Only .1  mg o f  Ru^^ cou ld  be t o l e r a t e d .  The f o l lo w in g  io n s
d id  n o t  i n t e r f e r e  when used in  c o n ju n c t io n  w ith  th e  a p p r o p r ia te  masking
a g e n ts :  2 mg o f  Sn'^and 8 b^^ masked w ith  100 mg o f  c i t r a t e ;  2 mg o f
T i ^ ^ , Z r ^ ^ ,  H f ^  and VO3 c an  be  masked w ith  50 mg F . The f o l l o w i n g
io n s  i n t e r f e r e :  Sh*^, As*^, # 0 4 ^ , I and Br" .
D. DISCUSSION
I n  th e  p r e s e n t  work, a procedure  was d e v e lo p e d  for  th e  s p e c t r o ­
p h otom etr ic  d e te r m in a t io n  o f  b i v a l e n t  p a l l a d i u m  b a s e d  on th e  f o r m a t i o n  
o f  an i n t e n s e l y  c o l o u r e d  complex w ith  2 ,2 '  - d i q u i n o l y l  k eto x im e . The 
p rocedure  has the  a d v a n ta g e s  o f  s i m p l i c i t y ,  r a p i d i t y ,  and a  t o le r a n c e  to  
many f o r e i g n  i o n s .  The u se  o f  a l a r g e  e x c e s s  o f  EDTA in c o r p o r a te d  in  
th e  method p r e v e n t e d  the. p r e c i p i t a t i o n  o f  m etal h y d r o x i d e s .  Furtherm ore, 
EDTA formed s t a b l e  com plexes  w ith  a l a r g e  number o f  ion s  and t h e r e f o r e
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served  as an e x c e l l e n t  masking a g e n t .  B e e r 's  Law was obeyed and t h e r e  
wnre no c r i t i c a l  param eters to  contend w i t h .
The main advantages o f  th e  p r e s e n t  sy stem  when compared to  
o th e r  system s u s in g  p y r id in e  oximes are  g r e a te r  s e n s i t i v i t y  and 
s p e c i f i c i t y .  The s e n s i t i v i t i e s  o f  v a r io u s  methods fo r  p a l la d iu m  u s in g  
p y r id in e  oximes are  compared in  Table X X III. The p r e s e n t  system  cou ld  
t o l e r a t e  r e l a t i v e l y  l a r g e  amounts o f  g o l d .  This i s  im portant s i n c e  
g o l d  i s  commonly a s s o c i a t e d  w ith  p a l la d iu m .
E. SUMMARY AND CONCLUSIONS
The s p e c tr o p h o to m e tr ic  d e te r m in a t io n  in v o lv e d  th e  e x t r a c t io n  
o f  the  p a lla d iu m  -  2 , 2 ' - d i q u i n o l y l  k e to x im e  complex f rom an aqueous 
s o l u t i o n  o f  pH 6  -  1 3 .5  in t o  benzene  and su b seq u en t  measurement o f  th e  
o r g a n ic  e x t r a c t  a t  478 nm.
A 0.30% W/V s o l u t i o n  o f  2 , 2 '  -  d i q u i n o l y l  ketox im e was used  as 
t h e  r e a g e n t  s o l u t i o n .
V arious  param eters w ere i n v e s t i g a t e d .  The maximum c o lo u r  
i n t e n s i t y  deve lop ed  between a pH o f  6  - 1 3 .5 .  A l a r g e  e x c e s s  o f  re a g e n t  
was used  and no a b s o r p t i o n  due to  r e a g e n t  o c c u r r e d  a t  478 nm. C h e l a t e  
form ation  was com plete  in  l e s s  than 5 m inutes  and th e  benzene e x t r a c t s  
w e re  s t a b l e  f o r  a t  l e a s t  2 d a y s .  The method obeyed  B e e r ' s  Law o v e r  a 
w ide  c o n c e n tr a t io n  r a n g e  and proved t o  be  both  p r e c i s e  and a c c u r a t e .  
Furtherm ore, an e x t e n s i v e  f o r e ig n  i o n  s tu d y  in d ic a t e d  t h a t  t h e  p r o c e d u r e  
i s  w i d e l y  a p p l i c a b le  and most m e ta ls  commonly a s s o c i a t e d  w i t h  p a l l a d i u m  
do n ot  i n t e r f e r e .
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TABLE XXIII  
SENSITIVITIES OF SOME METHODS FOR 
PALLADIUM USING PYRIDINE OXIMES
R eagen t Molar A b s o r p t iv i t y  1 '1 
1 mole" cm"
S a n d e l l  
S e n s i t i v i t y  
ug Pd cm"2
2 , 2 '  - D i q u i n o l y l  Ketoxime 
2 , 2 '  -  D ip y r id y l  Ketoxime  
2 -  P y r id in ea ld o x im e  
Phenyl -  2 - p y r id y l  ketox im e
1 .3 X 1 0 ^ 0 .0 0 8 1
1 . 2 X 1 0 ^ 0 .0 0 9
1 . 0 X 1 0 ^ 0 .0 1 0 6
9 X 1q3 0 . 0 1 2
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CHAPTER V 
SUMMARY AND CONCLUSIONS
The r e a g e n t  2 ,2 '  -  d i q u i n o l y l  ketoxim e has been s y n t h e s i z e d  and 
i t s  p r o p e r t i e s  w ere s t u d ie d .  A s tu d y  o f  th e  r e a c t io n s  o f  m e ta ls  w ith  
2 , 2 ' -  d i q u i n o l y l  ketoxim e in d ic a t e d  th e  r e a g e n t  to  be v e r y  s e n s i t i v e  
and s p e c i f i c  fo r  c o b a l t  and p a l la d iu m .
P r o c e d u r e s  were  d e v e lo p e d  f o r  th e  s p e c t r o p h o t o m e t r i c  d e t e r m i n a ­
t i o n  o f  c o b a l t  and p a l l a d i u m .  The v a r io u s  param eters s t u d i e d  in c lu d ed  
th e  f o l l o w i n g ;  e f f e c t  o f  pH, e f f e c t  o f  r e a g en t  c o n c e n t r a t io n ,  e f f e c t  o f  
t im e ,  e f f e c t  o f  s o l v e n t s ,  a p p l i c a b i l i t y  o f  B e e r 's  Law and th e  e f f e c t  
o f  d i v e r s e  i o n s .
The s e n s i t i v i t y  and s p e c i f i c i t y  o f  th e  two procedures  d eve lop ed  
sh ou ld  make them th e  methods o f  c h o ic e  fo r  th e  a n a l y s i s  o f  t r a c e  
amounts o f  c o b a l t  and p a l la d iu m  in  a wide v a r i e t y  o f  m a t e r i a l s .
134
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